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ABSTRACT 


THE LEARNING OF A COMPUTER PROGRAMMING LANGUAGE 

BY SECOND AND THIRD GRADERS WITH SELF-PACED MATERIALS 

* 

... Nancy Austin Shuller 

r v . * 

This research study examines the effectiveness of- self-paced 

« 

materials to enable students in grades tvo and three^bo learn the 
programming.language f Atari PILOT. After twelve hours of in-class and 
laboratory computer tine, the students were carpared to determine the 
extent of self-pacing, kind and amount of assistance needed, 
programming ability, attitudes towards their work with computers, and 

the extent bo which programming ability w$s influenced by other 

m • 

factors. 

Daring the field trial period, observations were made and records 
kept by the classroom teachers and the laboratory instructor as the 
children worked in their materials and/or on the computer. At the 
conclusion of that period, all students wrote an original program for., 
evaluation and categorization and were given an attitude survey. A 
self-selected group of children spent an additional two hours working 
in PILOT in an afterschool computer program. 

The range of materials completed indicated that to a rather high 

extent self-pacing was achieved. Children relied on assistance,more in 

\ 

the beginning of the field trial. As students' confidence in their 

* 

ability bo control the computer, write programs, and work through the 
materials grew, less assistance was needed. Class differences in 


t 



carplption of materials were significant. 

While all students wrote programs, the range was extensive from a 
simple copied program to a more sophisticated one using programming 
structures and showing evidence of planning. The three levels of 
programs written# among which the sample was almost equally divided, 
were labeled imitative (low), exploratory (middle), and planned (high). 
It was shown that programming ability was significantly affected by the 
arrount of learning, materials ccnpleted, motivation to begin or continue 
work cn the computer, and amount of time on the computer. Individual 
teachers affected the amount of materials ccnpleted as well as* 
programming ability. It was shown that provision for equal computer 

• J 4 

access, assistance when needed, and the presence of expertise may be 
critical elements for programming success. •• 



This dissertation is dedicated to the staff and children of The Day 
School who provided me with their time, insights, questions, support, 
understanding;' and enthusiasm so that this research project might be , 
realized. 

N. A. S. 
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Chapter I 1 ' 

INTRODUCTION 

* 

\ 

Need for the Study . * 

Entry into the business, hare, or school market by any new tech¬ 
nology often produces questions of utility within the other markets, 

» * i 

especially when availability canes within the financial means of many. 
With increased use of microcomputers• in business and the hone, the 
potential of the microcomputer to improve — or even revolutionize — 
the school is currently being explored. As with every other techno¬ 
logical innovation to find its way into the classroom, a myriad of 
educational uses for microcomputers is being suggested. Many dis¬ 
cussions center around control. Should the computer control the 
student or should the student control the computer? 

In programming the computer students clearly have control. • Compu¬ 
ter programming is rapidly becoming an integral part'of^the high school 
curriculum. Yet as computer accessibility increases through user- "v . 
friendly languages and cost-friendly prices, and the intellectual bene\ 

4 

fits reaped are realized, the question of whether the computer should 
also be available to elementary and junior high students has been 
raised. In these situations, where should the control lie? 

The fact that computer programming should be an integral part of 

* 

every child's school experience has been stated inplicitly in the 
National Council of Teachers of Mathematics' Agenda for Action: 
Recommendations for the 1980s. ' 


Recommend at ion 3: Mathematics programs must take full advan- 
tage ofjthe power of calculators and computers at all grade 
levels. 


Surely to take full advantage of the pcwer of the computer 
includes the ability to program the computer. Much is said to justify 
teaching computer programming in grades K-12 and for many diverse 
reasons, ranging from providing a computer literate citizenry to 

, _ k 

enhancing the students' intellectual abilities. Arthur Luehrmann, for¬ 
merly, an Associate Director of the Lawrence Hall of Science, is a noted 


authority on computers in education. .As an advocate of computer pro¬ 
gramming in the schools, he summarizes his feelings in this way: 

% ' ' 

Computing belongs as a regular school subject for the same 
reason that reading, writing, and mathematics are there. 

Each one gives the student a basic intellectual tool with 
wide areas of application. Each one gives the student a 
distinctive neans of thinking about, and ■ representing a prob¬ 
lem, of writing his or her thoughts down, of studying and 
criticizing the thoughts of others, and of rethinking and 
revising ideas, whether they are embodied in a paragraph of 
English, 2 a set of mathematical equations, or a computer 
program. 


As easily accessible, yet powerful languages become available for 
the microcomputer, computer programming is becoming an integral part of 
the curriculum for many elementary school children. Sinple program¬ 
mable. toys and/or robots like the Turtle or Big Trak, and languages 
like Logo, PILOT, and Kidstuff are enabling young children to "teach" 
computers, as well as providing them with insights into their learning. 
The computer language, logo, developed at MIT cy Seymour Papert, is 


1 National Council of Teachers of Mathematics Agenda ^tlong 
Recommendations for School Mathematics of the 1980_s (Reston. NCTM, 

1980), p. 8. ' 


2 *;A. Luehrmann. "Computer Literacy - What Should It Be7" The 
Mathematics Teacher 74 (1981), p. 686. 
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an attempt to create a vehicle through which students are put in 
control of their own learning, via the student-controlled movement of a 

i * 

* 

turtle, on the screen. As students simulate and discuss turtle move¬ 
ments, and then execute these movements on the computer, they are, 

• » 

according to Papert 

V getting used to the idea of heuristic knowledge, they are 

learning to think of mathematics as rooted in (not opposed 
to) intuitive body-mathematics and they are using mathematics 
as a language.3 

In this paper, the languages logo, PILOT, Smalltalk, and Kidstuff will 
be called turtle graphics languages, £ince turtle graphics is one of 
their major components and that aspect of the language which makes 
clear many cormands and structures via imagery produced on the screen. 

- PILOT, while being procedurally different from logo, offers it^rus^rs 
many of the same capabilities for exploring their world mathematically 
through these turtle graphics canponents. 

Curriculum projects have been developed, to provide students with 
an opportdinity to learn Logo. Learning materials, of varying degrees 
of excellence,*exist for all turtle graphics languages in the form of 
manuals or student booklets useful for the older student, adult, or 

• * i 

teacher. Due to readibility and/or design, existing materials cannot 
be used directly or independently by younger students. 

There exists, therefore, a need to develop learning materials 

* * 

specifically designed for children in the early elementary grades to 
provide them with the necessary support to learn these turtle graphics 
languages. The materials developed need to take into account the 

I . — ---- 

3 ■' 

S. Papert. "New Cultures from New Technologies'’ BYTE 5 (1980), 

p. 113. • 

« 

i 

* ' 

i 

/ 
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perspective that learning is a primary natural function of - the mind, 
and instruction, if it is to exist at all, needs to allow the indi¬ 
viduals the right to delve into problems, search for solutions, test 
theories, and take responsibility for one's own learning. The 
Papertian idea of a microworld, a computer-based exploration that 

serves as an entry into a greater wealth of knowledge, 'should be one 

* \ 

aspect of materials for use in learning a turtle-graphics language. 
Vftiile there are no materials of this type for any of these turtle 
graphics languages, an atterrpt to fill the gap in one such language 
will surely provide material, ideas, and/or techniques for use within 
the others. 

Atari PILOT, a user-friendly turtle graphics language,.incor¬ 
porates much of the spirit of Logo. Atari PILOT, available .for over-a 
year, has no curriculum materials developed for it. Its manual and 
Student Pilot do not provide adequate- support materikls for either 
students or teachers. 

Purpose 

• The purpose of this study is to prepare self-paced materials 

i 

designed to be used independently by children of the early elementary 
grades so as to enable them to learn the Atari PILOT ianguage, and to 
submit these materials to a field trial by second and third-grade 

students at a private school in New York City. 

/ 

Investigations 

The following questions will be investigated as a part of the 



/ 
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field trial: 

1. In regards to learning materials completion, what is the aj 

• < , 

achievement level, b) extent of self-pacing achieved, and c) kind and 
amount of assistance given? . 

2. After approximately six hours of in-class use and six hCurs of 
laboratory sessions with the materials, what kind o£ programs are 

» 

children able to write in thirty minutes when given instructions to 
"write an interesting program for the computer all by yourself"? 

3. TO what extent are students' attitudes .concerning their work with 

1 • • 

computers affected? 

4. TO what extent is programing ability influenced by sex, grade 
level, teacher, students' attitudes about themselves and their computer 
work, standardized reading and mathematics sdores, amount of learning 
materials completed, or time spent working on the computer? 

Procedures 

, 4 


Many procedures were completed prior to the field trial. The 
/ 

literature was reviewed, objectives formulated, and field trial site 
selected. The learning materials were developed in parts, each part 
introducing new comands and programing ideas, designed so as to build 
on information from previous parts. The parental questionnaire was 
devised and disseminated to determine possible contamination to the 
study by the use of computers and/or Atari PILOT in the heme. The. 
following instruments were developed: a teacher reporting form on 
which classroom teachers would record information concerning the use of 
the materials by the students; an individual student achievement graph 
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to record the progress and the test scores of the children; an( ^ 

canputer tests'to determine the children's ability to program, as well 

* ' 

as their understanding of the carmands and programming concepts. The 
children and teachers were given preprogramming instruction on the 

computer in a laboratory setting. 

* 

The procedures that follow were completed during the field trial. 

Students worked on their copies'of the learning materials and/or 

r . / 

programs of their choosing during the laboratory period and their 

own individual time on the computer in their classroom. The appro- 

. * ■ 

priate information was recorded weekly on the teacher forms and the 

student achievement graphs. An anecdotal record of work with the 

; * * . 

students during the laboratory time describing the interaction of 
students with their computers and the learning materials was kept. A 
final teacher evaluation form and an attitude survey were developed for 
use after completion of the field trial. Every child wrote an original 
sample program during the last computer laboratory session. An addi¬ 
tional exposure to PILOT by a self-selected group of students attending 
a computer afterschool program was provided. 

After the field trial other procedures were completed. Teachers 
filled out the final evaluation form describing the computer program as 
it existed in their classroom, as well as the effectiveness of the 

program and the learning materials, All students were given the 
attitude survey. Data were collected and used to^valuate achievement 

and provide a framework for discussion of the original questions. 
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Plart of Report 

/ 

/ / • ' 

i | '/ * * 

In Chapter II, literature related to the issues within this report 

■ / ■ , » ' 

will be reviewed. The relevancy of computer programming in the .* 

/ ' •* *k * 

« 1 ‘ M ' i ' ' 1 * ’ i * • 

schools, as well as a focus on tpe languages suitable for-Children , 

the early elenentary schools and related research’ wilirbe.'^ihgussed. 

Existing curriculum and materials designed - t^^si3t- ,; iQ^6^;le^rnin^- of" 

/ I: ; 

these languages will be examined* . ' •>. • 

T \ 

Chapter III will describe the learning nBterials and other instru- 

• * • i 

ments created for, or used in this study. Special focus will be on 

• - ' ' ' • * . :i ' i * * 

• ' 

background information, features, and consents of the learning , 

• * • ■» i 

materials. The other instruments will be examined in light of the 

• ! t .* * ■ i* , • •, 

particular study question for which they were designed. The instru- 

t * " * I • 

• . J 

ments discussed include the.teacher form, final teacher evaluation, 
questionnaire for parents oh computers in the hone, anecdotal records, 
multiple-choice computer tests and programing tests, individual 
student achievement graph, classification schema for evaluating sample 
programs, attitude survey, standardized reading and mathematics tests, 
and student data forms. 

Chapter IV will describe/the site, sample population, procedures, 
issues and problems in the field trial of the leamipg. materials. 

Chapter V will present the results of the study based on the original 
objectives of the materials and investigative questions. Chapter VI 
will present a sunrnary of the study and its findings, explore impli¬ 
cations for learning and the classroom, and propose recommendations for 
future research based on those findings. 




\ 



Chapter II 


LITERATURE SURVEY 


-• This chapter will lend support to the theses that the study of 
programming by children is justified in- the benefits reaped; assistance 
in programming is provided by more knowledgeable others or specially 
designed materials; and case studies# projects# and related research 
provide nuch insight into programming demands and individual gains. 

The sections that follow will look at the claimed benefits of turtle- 
graphics languages# especially the thoughts and work\o£ Papert and 
others of the M.I.T. Logo group; the findings of work with children in 

Logo from case studies and projects; the existing research in the area 

* 

of cognitive gains and understanding of programing; and the curriculum 
materials created for learning programming. 

Research results have been inconclusive in supporting sane of the 
claims of programming in a turtle graphics language tut have provided 
many insights into the learning of such a language. Greater depth of 
understanding of the issues and findings can be found by reading 
Papert’s Windstorms for the philosophy behind ijogo learning, Watt's 
‘"Logo in the Schools" for the results of related projects and work x with 

children# arri Pea and Kurland's "On the Cognitive Effects of Learning 

I I 

Computer Programming: A Critical Look" for a review of the existing 

research and study needs for the future. The research that has been 
done in this area has centered arcund Logo, although what has been 
shewn#, may in most instances, apply in general to prograrrming with 
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young children. TViese studies will serve as a basis for guidance and 
decision-making for future research in implementing Logo and/or other 
turtle graphics languages into the elementary school classroom and the 

expected gains to the individual in-doing so. 

I 

Turtle Graphics for Yclung Children 

* 

Many reasons have been proposed for introducing the turtle 

l 

graphics pf the programming language- Logo to young children; in fact, 

/ • • 

Logo was created with children programming in mind. Papert, the 

creator of Logo, believes that "the child’s intellectual growth must be 

rooted in his experience" 1 and that the computer offers a chance to 

' * 

provide an environment in which the child can becane 

highly involved in experiences of a kind to provide rich soil 
for the growth of concepts for dealing with thinking, 
learning, playing, and so cn. 2 

He also contends that the computer offers the child the opportunity to 
bee one involved in projects lasting long enough "for the child to 
become personally—intellectually and emotionally—involved." 3 In 
. addition to enhancing a child's intellectual powers and involvement in 

j/; * ■ 

his/her experiences, Papert feels that Logo offers the child an oppor- 

’ ■ ' ■ 

.'tunity to do mathematics in such a way that the creativity that should 

be a part of mathematics is present. Logo may provide beginners with a 
space in which to enjoy this creativity. The computer can thus serve 

as a vehicle for mathematical explorations. 

• ■ - - - 

1 

S. Papert. "Teaching Children Thinking" MIT Logo - Memos (1971a), 
p. 4-1. 

' 2 

S. Papert. 1971a, p. 4-1. 

3 

S. Papert. 1971a, p. 4-3. 
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In fact, Papert states that the logo language was "developed expressly 

for the purpose of teaching children, not programming but 

mathematics ." 4 Perhaps through an environment that allows for 

mathematization, the child will see mathematics in a more global as 

well as a -mare'creative sense from the very beginning. 

V The intellectualizing, the commitment to long term projects, and 

the rich potential that logo offers to the user for exploration of 

mathematics in a creative environment, are possible dug, to the charaq- v . 

teristics o£ the language itself, namely the turtle graphics cccnponents 

' . .* . 
and the rich procedurally-based ccmponqnt that allows for .expansion. 

• . v,.-. • • 

The turtle graphics elements provide instant visual feedback oh the 
screen thus giving key words (commands) in the language a recognizable 
characteristic. The simple programs created, often with a limited 
number of programing structures, can provide hours of explorations. 

The idea of a computer-based microworld, conceived by Papert, is one 
central to this exploratory nature of the language. A microworld, 
according to Papert is 

a subset of reality or a constructed reality whose structure 5 . 
matches that of a given cognitive mechanism so as. to provide 
an environment where the latter can operate effectively., 

The computer allws for the creation of such worlds to be constructed 

« 

and explored. The turtle itself provides for an unlimited number of 
microworlds? one of those being the creation of a circle. The child is 

able to assimilate body knowledge from walking cut the circle, to new 

• • > _ . 

4 S. Papert. "Teaching Children to be Mathematicians-vs. Teaching 
About Mathematics" MIT Logo Memos (1971b), p./7. 

5 S . Papert. "Computer-Based Microworlds as Incubators for 
Powerful Ideas" MIT Logo Memos (1978), p. 1. 
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mathematical knowledge about the formation of the circle by the turtle 
on the screen. Microworlds provide in their expandability an avenue 
for irathematization of the vrorld of turtle graphics. Relationships 

i . t • 

between shapes drawn on the screen can be rediscovered and serve as an.- 

entry into more mathematics. ... 

Watt sees the integration of turtle graphics into the elementary • 

school students' educational environment as a particularly fruitful 

experience for theinciividual. 

Withip^the universe of Turtle-. Geometry there is room for 
different students, working individually, to create their cwn sub- 
universes or microworlds with their cwn limited but expandable set 
of concepts, and related activities and projects. The pedagogy of 
the LOGO classroom can be seen as the task of helping each^child 
to create, explore, and extend his or her cwn microworlds. 

The power of Logo to create an environment for the growth of intel- 

lectualism, the involvement in meaningful projects, .arid the exploration 

of mathematics should be investigated further. 

Case Studies 

While a case study is limited in the type of information helpful 

for classroom management of such an individualistic activity as 

prograntning, the insights gained from working with,a child intensively 

helps identify areas of concern, avenues of success, and growth 

possible. Working intensively with many children individually for long 

» 

periods of time often reveals ways of introducing the material in such 

a way that individual autonomy, style, and creativity can be preserved. 

Solomcn finds through her work with individual s that she has developed 

® D. Watt. "A Comparison of the Problem Solving Styles of Two 
Students Learning Logo: a Computer Language for Children" Proceedings 
of the National Educational Computing Conference (1979a), p. 256. 

' i 
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nodeIs for introducing people to Logo. She attempts to get the indivi- 

* ’ ; . . t 

dual to do something with the computer- that is familiar'to him/her 
although not through a computer -experience and then build on that in 

the next experience with Logo. 

Flexibility is one of the most powerful ideas in this 
culture, but to be flexible implies having a model*to depart 
‘ from. Ihus, I have a model in mind of paths a beginner might 
take in a first session . 7 , 


Solomon and 


Lrst ^ssic 


found that in working with children a 


variety of learning styles was evident thus necessitating different 
strategies for working with them. Solomon details these styles: 

planner, macro-explorer, and micro-explorer. The planner developed a 
well thought out plan for his/her program in either a tbp^own or 
bottcm-up fashion. The result may be as originally planned. The 
macro-explorer tends to experiment with subprocedures in order to 

create a finished product rather than to begin with a specific plan. 

i 

The result in this case has a wide range of possibilities). The micro¬ 
explorer seems to need time to explore small pieces of information 

/ 

often in a repetitious manner. The results may be only to assure 
■themselves that something is indeed as it.seems. Solcrnon and Watt 
found any child may possess all styles of learning described. .Under¬ 
standing these styles may help in the development of strategies for 
working with each learner; it may help us see when a goal or further 

‘i 

exploration, might be suggested or planned for or when a shift from one 

node to another might'be appropriate. 

Solomon, in her work with a seven year Old girl, was able to • 




7 C. Solomon. "Introducing Logo to Children" BYTE 7 (1982), p. 
198, 100. • 


* 
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provide many insights into assistance given to a child programming in 
Logo. Solorron proposed changes to a program or in the*use of a proce¬ 
dure in order to provide the child with an opportunity for extending or 
testing what she Knew, 3 s in the take-this-procedure-and-see-if-you- 
' can-make-this activity. She was also able to keep the child on the 
right track or pose a question that helped her see what she needed to 
do in order to solve same prograrnmirfe problem. Thus intervention was 
used to provide a challenge, ask a question to force the child's aware- 
ness of seme programing concept or procedure, help the child realize 
that what she needed to do she already knew hew to do, and offer 
suggestions for program management. Increased confidence and indepen 
dence were seen to be the results of working in this way; it is unclear 
the exact part that increased use versus assistance when necessary 
played, although it may be possible that both are helpful and/or neces¬ 
sary for attaining programming independence. 

Watt’s work, as part of the Brookline Project discussed in 

greater detail below, entailed following the programming experiences of 
16 students during the first year of study in the project. While he 
did not work with only one student at a time, he did follow closely the 
work of the sixteen children who ware part of the project. Logo seemed 
to provide the setting in which all children could grow. For example, 

Deborah, one student in the study, felt quite insecure at the computer 

• 

and through restricting the number of commands she allowed herself to 
use, was able to produce a subworld of Logo in which she could confi¬ 
dently work. She was later able to break cut of this subworld and use 
the other turtle graphics commands. The, flexibility of Lego and the 


/ 
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r" 

program allowed her to take only a piece of Dago and acquire a sense of 

programing and her ability to function in it. In looking at all 16 

students, differences in the amount of planning done and changes in 

initial plans, amount of explorations and visualization, and ability to 

% , 

' manipulate the turtle .were observed. Each child's combination of the 
above characteristics was unique. Accepting a child’s initial planning 
scheme, realizing that it may be bringing to the individual a sense of 
his/her role in controlling the turtle and the task of programming, was 
helpful again in giving a child a positive feeling about his/her 
computer interactions. Having a sensitive and logo-knowledgeable 
teacher willing to accept children's explorations was also crucial to 
their growth in the understanding of structures and the advantages in 
planning in a certain way. 

Case studies and intensive work with children while programing in 
Logo have offered many useful insights into introducing programing to 
children and helping them become confident, independent programmers. A 
sensitivity to the different learning styles in programing allows a 
teacher to remain flexible in an environment that lends itself well to 
this flexibility. Intervention during programing may be to pose a 
question, present 9 challenge, or to help a learner move toward a more 
productive way of working. Despite the differences in individuals with 
regards to planning, visualization, and control of turtle movements, 
children can be guided in an appropriate and meaningful way when 
programing so that all have rich learning experiences. 


% 
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Projects/Related Materials 


The Edinburgh Lego Project was conducted to determine whether 
programing in Logo might affect the mathematical abilities of twelve 
year olds in situations where their grasp was weak. Although an 
adapted version of the Logo language was used, a more structured 
approach to the teaching of Logo than is currently promoted by Papert 
was adopted. A materials approach was used in which 33 pages of struc¬ 


tured worksheets introduced students to 

computational ideas such as procedures and ^ sub-procedures, 
variables and recursion; problem solving tactics like decom¬ 
posing a problem into.parts, and the use of debugging skills 
such as running a trace facility to get a commentary on^the 

execution of a procedure . 8 

* 

•Each worksheet, developed for individual, self-paced study, states its 
purpose, gives a sample logo procedure to be typed in, and follow-up. 
exercises suggesting modifications to the procedure or adaptations Uo 
another problem area. Great care was taken to provide a model for 


computer concepts with the use of analogies. 


While the project did not yield any significant results in regards 
X to greater mathematics achievement, many insights into programming and 
stages of learning both concepts and programing were^ observed. The 

concept learning seemed to reflect their choice of options in the 


worksheets themselves, as the student 1) copied.and ran a procedure 

containing the concept, 2) modified it to make an "isomorphic" one, 3) 

• • • 

altered-the procedure’s structure, and finally 4) employed the concept 


when needed. __ 

8 J. Howe. ’Developmental Stages in Learning to Program” Cognition 
and Memory; Inter disciplinary Research of Human Memory Activities 
0 980), p. 2. • 
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Learning stages were observed. While Solanon describes the styles 
of Logo learners as three types depending on the amount and type,of 
planning and/or.free exploration, Howe categorizes the learning stages 
based on the programs produced by the learner. The first stage is seen 
as product-oriented in which drawings were produced without nuch 
concern to process. Evidence for this is shown by the fact that many 
children worked in the immediate mode to create rather than write a 
procedure, extranneous lines were not removed from the program, the 
paper under the turtle {the floor robotic variety) was moved to create 
a certain effect instead of changing the computer's ccrrmand, and 
other's procedures were copied so as to produce the same effect. The 
second stage-is seen as the style conscious stage where the student 
perceives that a certain style of working in Logo should be his main 
concern. This stage was most visible in a student's work in the 
immediate mode, recording the sequence of commands that produced the 
drawing and then putting them into a procedure or procedures, not 
necessarily in the most efficient or practical way. The third stage, 
the problem solving stage, is characteristic of the student's ability 

to use the available resources for solving the problem at hand. 

. % • 

* 

Activity is directed at understanding the problem rather than changing 

the procedure. The stages characterized by programing ability might 

-. , 1 

be categorized as exploratory, procedural writing, and problem solving. 

The author maintains that the-child cannot move frcm the product/explo¬ 
ratory node until he has incorporated new mental structures into his 
work upon which he can build his concepts. Their use of a model when¬ 
ever appropriate in the curriculum materials to illustrate a concept is 
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intended to assist in that move. 

The Brookline Logo Project involved 16 sixth grade students with a 

variety of academic abilities and interests. The adult who worked with 

/the children had an expertise in Logo as well as many years of teaching 

experience. The lab held four computers allowing for four children to 

be working in the lab at any one'time.. Children worked with a computer 
• \ ‘ , v • 
for approximately 20 to 40 hours during the year. An attempt was made 

to..look at what was learned by children programming in Logo, the rela- 

tionship between learning mathematics and programming, the learning 

styles used, and the kinds of programing choices made. The program 

was built around projects of the children's own choosing although a 

i 

certain degree of structure was built into the beginning work in Logo. 
All children were given some common introductory material with a stress 
on turtle geometry projects at the beginning of the study period. The 
children were expected to work through these learning materials 
although 

deviations from the plan were allowed when it became clear to 
the teacher that this would lead to a more meaningful _ 
learning experience for the student and them. y 

As the year progressed the students took up projects of their own 

choosing with the adult offering guidance as necessary. 

As in the Edinburgh study, the Brookline Project results tended to 

show subjective findings rather than concrete evidence of knowledge 

obtained or transferred or benefits gained by a logo group as corrpared 

to a non-Logo group, although seme evidence was shown that working with 

9 ’ 

S. Papert, D. Watt, A. diSessa, & S. Weir. "An Assessment and. 

Documentation of a Children’s Computer Laboratory" Final Report of the 

Brookline . Logo Project (1979), p. 1.14. % 

♦ " ** • ' ’ ■ • 
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turtles, leads to a measurable improvement in the ability to estimate 
angles.' It had been supposed that working in logo with turtle graphics 
would improve one's grasp of geometric ideas and in a more concrete 

manner since turtle geometry is more related to body geometry or mental 

> 

body image. While this transfer may have been intuitively expected, 
another transfer was seen, that of the transfer of feelings. Some of 

i * * 

the students displayed very strong, positive feelings towards their 
work with the computer.' This is not a cognitive gain, but may be 
important to note nonetheless. 

It was shown that the logo learning environment was suitable for 
many different kinds of students, thus being the impetus for another 
NSF project designed to have learning disabled and physically handi¬ 
capped children learn Logo with subsequent positive, findings in what 
Logo brings to these children in terms of satisfaction in learning. 

No standardized tests were issued and the problem solving and mathe¬ 
matical tests created by the staff of the project showed only inconclu¬ 
sive results. 

It was found that the project in order to be successful in helping 
children grow in their working knowledge of Logo needed "an extremely 
sensitive and knowledgeable teacher, with a great deal of time to 
consider the needs of each student." 10 Vfriile it was hoped that the 
report of this project would serve as a resource to other teachers or 
schools without this expert in logo and teaching, in fact, one result 

of this project was to realize the need for designing curriculum 
materials, the emphasis of the second phase of the project. 

10 d. Watt. "Logo in the Schools" BYTE 7, p. 120. 



19 


For the second year of the project in which teachers were given a 
snail amount of training, materials were developed for both teachers 
and students. Each classroom had the use of a computer for 8 to 12 
weeks during which time the children worked in pairs or alone at the 
computer while the rest of the class followed their normal classroom 
routine. To augnant their classroom work/ they met each week for a 
lesson and idea session. The curriculum materials consisted of intro¬ 
ductory materials for students in grades four through six and seme 
advanced Logo projects built around the "dynaturtle" games which the 

children ware able to play and modify. 

Ora especially exciting outcome of the project was the emergence 

of students in the roles of teacher and expert. Cooperation at the 

computer was especially highland rewarding and formed a basis for nuch 

of what was learned by other students. According to Watt 

• 

It had been assumed at the start that teacher knowledge 
would be a major limiting factor in what the students could 
achieve. It turned out that this was not the case. The 
limitations on student knowledge were what limited what other 
students could learn.H 

••I • 9 

However, the strength, knowledge, and support of the NSF staff in 
.developing sound curriculum materials and providing assistance when 
needed cannot be overlooked in this assertion that prograirming can be 
taught with fairly unknowledgeable teachers. This situation was suc¬ 
cessful in getting children to program, but the support provided may 

% 

have been the factor most responsible for that success. As was noted 
earlier. Watt himself remarked that the importance of the knowledgeable 
expert to the learning of the children in the first year of the study 

H d. Watt. "Logo in the Schools" BYTE 7, p. 126. 





was crucial. The success of a project to get children programming may 
depend on the expert assistance of a knowledgeable teacher or the 
ability of materials to provide that expertise. 

Curriculum materials provide the guidance that an expert teacher 

, i , • 

may in other instances. Suggested and student selected projects 
provide the flexibility necessary within a program. While slight gains 
in angle estimation were seen in the Logo programmers and a positive 
change in attitudes towards work with computers was noted, no other 
evidence of transfer of knowledge was shown in the projects described. 

A Logo environment was felt to be an especially learning-rich one for. 
students of all abilities. 

j 

Other Research 

While many suggestions for. working with children learning to 

program ware given, the Brookline and the Edinburgh projects lacked any 

concrete results on the cognitive benefits of programming in a turtle 

graphics language as claimed by the original developers of the 

language. While Papert, Watt, and Solemon have not substantiated these 

claims, the Logo pioneers and others feel convinced that from their 

observations the benefits to young children working in Logo are great. 

Little has also been shown as to what cognitive prerequisites nay in 

fact be necessary for a child, new to programming, to possess in order 

to be successful at programming. The inadequacies in the research to 

date have been discussed in reports from the Center for Children and 
Technology at Bank Street College and will be summarized.here. 

Pea and Kurland, from Bank Street College, feel that more'research 


is needed to substantiate the claims by Papert and others regarding, the 
feasibility of Logo to produce cognitive growth in both programming and 
mathematics. Documentation of what is learned during programming as 
well as the cognitive prerequisites to such learning needs to be 
explored. In his cwn studies with children (8- to 9- year olds, 11- to 

•r # 4 

12- year olds), Pea explored the purported claim that working in Logo 
would improve planning skills. The group of children who had worked in 
Logo and a control group with no Logo experience were given a classroom 
chore-handling task prior to and after the year's experience in 
learning Logo. The task allowed children opportunities to devise the 
shortest plan for carrying out a series of chores. It was felt that 
this task was caorparable to the series of revisions made during pro¬ 
gramming. It was found that the -Logo group did not score higher on a 
planning task than a ncn-Iogo group. Judgement an this may be a bit 

••V 

premature however, since the group in question worked on Logo for a 
year in a fairly nonstructUred environment where no evidence is given 
that any attempt was made to work on the children’s programming 
planning skills. It was clear from the Brookline study that inter- 
vention and assistance while learning was helpful in changing the 
planning style of the Logo learner. Tb measure the"transfer of a skill 
that was not clearly reinforced, only supposed to be a result of 
working in Logo, seems inadequate. 

While no transfer of planning skills was shown, Baa feels this may 
be supported by recent'findings in cognitive science and observations 
of the children in the study programming. These findings show that 
"transfer of problem-solving strategies between dissimilar problems, or 
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problems of different content " 12 are very difficult to achieve and that 
even computer Science students with several thousand hours oE pro¬ 
gramming worK had "great conceptual diEEiculties in understanding how 
even brieE programs are working ". 13 Pea observed little preplanning in 
program development in the Logo programmers. Most children seem to 
Eind a goal and the rreans to achieve this goal after they had begun 


programming and had some result on the screen. The goal was based on 
revision oE the existing work rather than starting with a goal and 
Eindirvg a rreans with which to accomplish it. The presence oE pro¬ 
gramming stages seem absent in Pea's discussion, leading one to suspect 
that the rrethod o£ Logo introduction varied greatly from that of 


Solomon /Watt and Howe. 

' '4 

^’X^has also been observed that transfer of skills, such as 
planning, may. occur only after a substantial amount of programming 
' experience, more than the amount that is able to be learned by children 
in a school setting. Perhaps this view is most useful as one looks at 
programming in the elementary school. Programming may not provide for 
the transfer of problem solving skills at a testable level, but the 
problem solving experiences, the opportunities for mathematical explo- 
rations and creativity/ and the actual, wark with computers in which the 
learner is in control of the machine, may be shown to be a valuable 


enough experience to support programming in the elementary schools. . 

Other information from the same study conducted by Pea and Kurland 

is useful. In an attempt to study the level of programming expertise 

^ R. Pea. ’Togo Programming and Problem Solving" Technical Report 

Number 12 (1983), p. 26. 

13 . 

R. Pea. 1983, p. 30. 
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the children had acquired by the end of the year, three 45 minute tests 
to check on command understanding, the ability to write programs to 
achieve a stated effect, and the ability to find program bugs were 
administered. It was found that'older children knew more, boys had 
spent considerably more hours in computer time than girls and had 

* y 

scored higher on the programing tasks, and the command comprehension 
for the whole group was lew. From the test for the six best program- 
mers on depth of understanding of programming ccmnands, it was seen 
that while certain structures such as conditionals were used, that 


understanding of those structures was not present. Rote chunks of 
programs were used, but not understood. Perhaps as might be shewn by 
the Edinburgh Project reports, this may just be a stage in the develop- 


X 

ment of Logo programming skills. * The understanding of these chunks may 
» 

ccme at a later stage. 

Pea and Kurland's examination of cognitive constraints provides 
some insight into the usefulness of developmental level on learning to 
program. While Piaget's stages of development - preoperational, 
concrete operational, and formal operational - may be usefiil in 
examining certain types of learning experiences of benefit to the 

child at a given age, programming skills seem too specific \o apply.-to 

I) 


these general stages. Pea and Kurland suggest that 

there is strong evidence that the development and display of 
the logical abilities defined by Piaget is importantly linked 
to content domain ... to the eliciting, context, . . . and 
to the particular experiences of individuals.14 

It is just not clear at this point in time how learning to program 


may 


14 

R. Pea and D. Kurland. "On the Cognitive Effects of Learning 
Computer Programming: A Critical Look" Technical Report Number 9_ 
(1984), p. 21. 
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affect children’s performance within their developmental level as ■, 
defined by Piaget. Since programing has not yet been defined in terms 
of its component skills, assigning programing a place within a devel¬ 
opmental schema would not be possible. 

Iterhaps as is suggested in the Final Report of the Brookline Lego 

r 

Project, rather than looking at whether children at the elementary 
school level can or cannot program, it might be more fruitful to ask 
what kinds of programming are able to be accomplished by various groups 
of children. Rather than discussing cognitive level needed to program, 
the question may be to^find those programing activities that young 
children are capable of acccrrplishing. Perhaps-the need for research 
to determine what constitutes meaningful programing experiences for a 
given cognitive level are necessary to begin to study the question. 

If programming is to be introduced in a classroom or school 
without the children having access to an expert in programing in very 
small groups, it may be necessary to devise sane curriculum materials 
to assist the regular classroom teacher in his/her work with her 
students. The materials must be flexible and be' able- to allow for 
open-ended activities while keeping in mind the types of learning 
styles and programming stages th6 children are likely to pass through 
or remain in without proper guidance. Teacher training and/or & 
elation of materials carrying models for programning, structure under¬ 
standing should be considered. So that one group of children will not 

have unfair advantage in their learning by the sheer fact that they 
have spent a longer period of time working on the computer, efforts 

must be taken to insure all equal access at the computer. Care must be 

) 

-/ 


r> 
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made that all children who use advanced structures in their programming 
work have opportunities for exploring the meaning behind those struc-.* 
tures so that "chunks" of the language are not used without meaning. 
Research must look at what skills are necessary to learn programing as- 
well as to look at the learning outcomes of programing in terms of the 
skills themselves and their possible transfer to other areas of learning. 


L^e 


Curriculum Materials 


The Edinburgh materials, described previously, presented a fairly 
structured approach to Logo learning as ccrrpared to the. Brookline 
materials that provide a less structured approach allowing for indivi¬ 
duals to work on their own projects as a means of acquiring further 

Logo knowledge. The curriculum materials developed in the second year 

% 

of the Brookline study for use by students were a more step-by-step 
* 

introduction to the computer, Logo canmands, programming problems, and 

suggested projects. After introduction to procedure writing and the 

logo editor, work with certain shapes was developed with follow-up 

projects that were extensions of the procedures just created. Sample 

projects involving subprocedures and superprocedures were explored in 

* 

greater detail and suggestions for projects that involved more planning 
were incorporated into the materials. Recursion was introduced in the 
sane way. Both the Brookline and Edinburgh materials were developed 
for middle schoolers. While the activities or developmental ideas nay 
be suitable, or at least adaptable for use with ycunger children, the 
reading level- of the\rvaterials is too high. 

i/ail^b; 


X 

Other materials available during the development of the PILOT 
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learning materials for this study included a TI Logo Manual. It is 
descriptive in nature but contains an actual sequence of activities 
geared more towards an older learner or teacher. The activities are 
very structured. Cue cards were developed to provide the young user 
with a simplified set of instructions for working at the computer. .The 

TI Logo Curriculum Guide is written for the classroom teacher. There 

«* 

were manuals available for other turtle graphics languages such as 
PID3T arrf Kidstuff which were intended for use with older users. After 
the PILDT materials were written, other learning neterials for students 
were created, again for middle schoolers. The Education Collaborative 
for Greater Boston wrote a Logo Curriculum for intermediate grades that 
provide activities in a very structured set of ordered worksheets with 
very little provision for open-ended exploration. The existing 
materials, however, provide insight, ideas, activities, and sequence 
for the creation of other materials. ' 
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Chapter III ■" 

• i 

DESCRIPTION OF LEARNING MATERIALS AND OTHER INSTRUMENTS 

j?- 

' Learning Materials 
Background- Information 

The materials described in this section were created to provide 

« 

second and third graders with the means to learn elements of the corrpu- 
ter programing language Atari PILOT, a turtle graphics language 
similar in focus to, but procedurally different from Logo. While the 
children in the study would.be working in the ccnputer lab for a thirty 

i,.* •* 

minute period each week, they also wo^ld be spending an additional 

thirty minutes working independently on the computer in their 

classroom. Their teachers were just beginning to program in PILOT and 

for the most part were not available to work with the children during 

their in-class computer time. For these reasons, materials were 

designed through which the Atari PILOT language could be learned 

independently or with a.minimum of assistance. It was intended that 

the materials provide a springboard into learning the computer 
•s'. 

language; that children would explore the language initially through 

the materials and, as time went on, begin to explore on their cwn. It 

* 

Was not intended that children do only what was in the booklet as in a 
reading workbook. 

l ’ ' » ' * 

The learning materials include .elements that embody in them the 

X 

specifics of PILOT, with attempts made as early in the materials as 
possible to give the user a sense of the power of a ccnputer language. 
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Reiteration, looping, conditionals, creation and use of modules 
(subroutines), sequencing and the importance of order, preciseness of 
language, branching or selection, logic structures, and the necessity 
of structure in programming are all general properties of a computer 
language that would be included at the appropriate time in the 
materials. 

Reading level o^ the materials was indeed crucial since the , 
intended users were seven and eight years old, many of whan were 
beginning readers. It was necessary that words printed in the 
materials were ones that for the most part vxxild be typed into the 
computer and that all other.important messages either be implied, 

i • 

observed through computer use, read.from very simple phrases or sen¬ 
tences, or sent via pictures or drawn screen displays. , 

The children were given opportunities to become familiar with the 
keyboard and some of the PI DDT carmands before they worked on the 
programming materials in order to eliminate the need for assistance 
with relatively minor machine and/or language-specific problems. For 
that reason, work in PILOT in the immediate mode was given for a few 
weeks prior to their work cn programming. Materials for this prepro¬ 
gramming work ware designed in a format similar to that of the pro¬ 
gramming materials. The children worked on these for approximately two 
weeks. 

While many sequences of programming' carmands' and structures 

are possible, one course was chosen that would be followed by all. The 
study was designed to look at the self-pacing/individualized capa- 
bilites of the learning materials. In order that comparisons of 


a 
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learning materials completed be carried out,' all students needed to 
work on the same materials, in the same order. An attempt was made to 
thoroughly knew the programming language PILOT before beginning to 
write the materials so that a rich and meaningful development of 
structures and commands would be presented. 

Imperative in creating any materials to be used with a learner as 
his/her introduction to new ideas, is a sense of what that body of 
knowledge and understanding can bring to the individual. While these 
materials had to introduce language that could not be invented, they 
also had to take into account the wealth of the language and the ideas 
entaodied in it. PILOT has the potential of offering the learner rich 
experiences in logical thinking, mathematics, communications skills, 
problem solving, and decision making. 

Contents >■ • -\i%_ 

The learning materials are divided into units or parts. Each part 

introduces new commands and programming ideas, building on information 
already known or introduced in previous parts of the materials. Each 
part contains two or more subparts called sections. The first part was 
written prior to the field trial. Subsequent parts were written as 
needed so that changes to form or content, based on observations of 
effectiveness, would be possible, (see Appendix A for a complete copy 
of the learning materials) 

Features 

The learning materials are consumable booklets designed to be 
written in by the user. While the general appearance is that of a 







workbook, the activities have been designed as continuous ones, each 
building on the knowledge and understanding of the previous activities. 
The user works on the activities at his/her own pace. / For this reason 
the amount of material to be read has intentionally bfeen kept to a 
minimum. Much of the printed material is information to be typed into 
the computer. Observations are to be made and recorded, questions are 
to be answered, and programs are to be completed, 'changed, and/or 
created to achieve stated effects. Users, through observations, are ■ 
to study the effects of programming structures or .commands. Practice 

occurs when the learner is asked to use a command lor structure. The 

: 1 

learning materials are divided into three parts; each part being fur¬ 
ther divided into two or three sections. Each student received Part 1; 
Part 2 was issued upon completion of Part 1, and so on. 

Some features are print-specific. Programs or commands are 
printed and expected to be typed in. This affords the students prac¬ 
tice with finding the keys and a sense of the order of commands, 
numbers and so on. When the user types in a new command, his/her 
attention is focused on this word and its connection to what happens 
next on the screen. 

The print used in the learning materials was of two types; the 
larger type indicated the words and numbers that were to be typed into 
the computer and the smaller type indicated words and numbers to be 
read for information and instruction. For example, 

10 GR:TURN 120 

RUN ' 

« # * 

would be typed into the computer, while 


Change line 20 
Run*the program 
would be read for informtion. 

The REPEAT command is introduced early, so as to shorten typing 
tiire. Earlier work with children of this age revealed that finding 
keys often proved to be a problem. Illustrations .are used throughout,, 
oftep as replacements for words, to shew necessary screen displays, or 
to illustrate something happening within the corrputer, program, or ■*** 
ccrrrnarri. General computer language is used whenever possible. 

Examples include the following: 

Run the program. 

What do you see on the graphics screen? 

Some features are response-specific. The user is asked to draw 
seme conclusions, answer some questions, and draw seme pictures based 
on what happened on the screen, and to record his/her answers, pic¬ 
tures, and programs, so as to provide seme written record. 

Draw a picture of the run. 
fchat is missing frem the program? 

There are THINKl questions interspersed throughout the materials to ask 
the children to think about whaj: has just happened. This is an attempt 
to have them stop, ponder,.and/perhaps hypothesize about what has 
happened instead of just continuing on. 

What happened when you took out line 30? 

( Programs are examined to determine the effect of certain changes on the 
outcome of a run of the program. Skeletal programs with a few or all 
of the commands missing are included to test the learner's under- 



standing of the ccnmands and structures of the language introduced up 

to that point. Programs that are extensions of existing ones are also 

/ 

requested. The following lines are indicative of the above features: 
Put a star before the correct line number. 

i • - • ' • ' ' 

Change the program so that both shapes are larger. 

Make a progr§nT*with a flashing star. 

Make a circle that looks like this one. 

Sane features relate solely to prcgramning. The turtle graphics 
commands, those cannands that allow the user to ere a ter'graphic displays 
on the computer screen by moving a turtle (invisible in PIu)T), as well 
as system catmands (l£)AD, RUN, LIST, etc.) are introduced by asking the 
student to type them in and observe what happens. 

Editing features are introduced as necessary. The user learns by 
doing and observing the ways to change, delete or add a line to an 

l 

existing program. Deleting lines frem a program is one way to see the 
effect those lines have on the program. In this way experimentation, 
as a vehicle for exploration, is encouraged. 

Ihe subtle differences of commands are explored through the intro¬ 
duction of both in the same setting. .For" example, GR:QUIT clears the 
graphics screen and returns the user to the text screen. GR:CLEAR 
clears the graphics screen but keeps the graphics screen visible. 

Ccnmands that have a numerical ccrrponent are experimented with so 
as to/provide an understanding of relative quantity within those 

0 , 

carmands. For example, changing the PA: (pause) number gives the user 
a feel for length of tima associated with the number. 

Programming structures and commands necessary to those structures 
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are explained through pictures, and words, and explored through obser¬ 
vation of change^ on the screen as a result of changes in the program. 
For example, 

Add these lines . 

5 *DDOP 
70 J:*LOOP 

RUN 

provides .the user with his/her introduction to, and observation of 
loops. 



Other Instruments 

The instruments used in the study will be examined in light of the 


research question and/or primary objectives for which they were 

« 0 

designed or used. Each question will be stated here followed by a 

A 

discussion of the instrument(s) used to investigate that question. 

Question Is In regards to learning materials completion, what is 

*• 

the a) achievement level, b) extent of self-pacing achieved, and c) 


kind and amount of assistance given? 

Tb evaluate student achievement on the accuracy of completion of 

the learning materials the following objectives will be used. 

• \\ 

The student will be able to: 

1. use the appropriate Pllbr commands. 1 

2. draw conclusions from ccnputer observations. 

3. add to and/or delete lines from a program. 

4. edit given programs bo achieve a given effect. 

5.. fill-in missing program parts to create a given program. 

6. use appropriate angle size or length size. 
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7. create programs to achieve a given (stated) effjjjfct 

8. create programs of his/her qwri. 

9. label program lines by the action performed there. 

10. fill-in missing elements on a chart. /. 

11. draw conclusions fran a chart. j 

• . i 

12. use a counter and a conditional in a program. 

13. use programing structures introduced, jj 

14. edit his/her own programs. / 

y 

15. use the materials as a reference. 


In order to evaluate students' t^dersbandings of the information 

presented, in the learning materials^ two tests ware devised: Multiple- 

choice Computer Tests an^'Programming Tests. The. Multiple-choice Tests 

if 

are administered individually to*a child at the computer upon corrple- 

f ' 

tion of each part of the learning materials. The child is asked to 
type in the information on theJchalXboarxl, which is a ccmmand to the 
computer to load the test program. All information is given to the 
child via the ccnputer. If there appears to be difficulty in reading 



the information, the examineejtwould read the question# clarifying when 
necessary. It is the intent here to measure only understanding in 
programing • Every attempt is made to have the children feel comfort¬ 
able with the testing situation. At the end of the program the child's 
score appears, indicating correctness of each item. Each test contains 
six to eight items to evaluate the principal objectives of the 

Multiple-choice Computer Tests that follow: 

' The students will be able to: ^ 

% 

1. match single program listings to program runs. 

I V 


V . 


2. identify which PILOT command or computer key has been used. 

3. use the appropriate computer commands and keys. 

4. identify the program lines by the action performed there. 

5. demonstrate understanding of PILOT commands and structures. 

(she Appendix B for sample screen displays for each test item of the 
Multiple-choice Computer Tests) 

A Programming Test is administered, immediately after a Multiple- 
choice Test to check cn programming abilities and understanding. They 
require the student to write a short specific program. The student is 
given as much time as necessary to complete his/her program. The 
Programming Test for Part 1 is "Write a program bo make a shape"? Part 
2 is "Load the program STAR7. Then change the program so the star 
flashes"; and Part 3 is "Write a program that uses a counter". 

A form, the Individual Student Achievement Graph was constucted 
for each student. His/her achievement on the computer tests and the 
completion dates of parts and/or sections of the materials was recorded 
on this form. This form would later serve as a source of information 
for a more complete individual student profile, the Student Form. 

The Individual Student Achievement Graph consists of three 
distinct parts: two tables and the, primary component, a graph. The 
first table, with column headings "Date" and "Section Completed" is a 
place to record the data as it was received. The graph is a pictorial 
representation of the same information with "Parts/Sections" as the 
vertical component and "Dates" as the horizontal one. (see Appendix C 
for a sanple Student Achievement Graph) 

Tto evaluate the kind and amount of assistance given two instru- 
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ments^ were used: the Teacher Form and the Anecdotal Record. The 

Teac jer Form contains information recorded by the teachers during the 
students' in-class computer time describing student difficulties with 
the materials and the computer, and would be used to evaluate the 
material's effectiveness. While the teacher would be present when each 

i 

student was working on .the computer, she/he would be able to provide ^ 
only limited assistance due to other responsibilities within the 
classroom. A teacher reporting form on which’ classroom teachers could 
record information concerning the use of materials by their students, 
amount and type of assistance given, amount of individual ccnputer time 
allowed each week, and significant problems observed was created. The 
recording instrument allowed,for caiments or marks to be quickly, made 
to indicate the kinds of difficulties students were having. Tb prevent 
• recording inaccuracies, the teachers would fill in the form imnediately 

after assistance was given. 

• •» * 

The weekly teacher form requests responses in five areas. The 
first area, "Teacher Assistance", to be filled in by the teacher with a 

f 

tally mark in the appropriate box, indicates the kind of assistance the 

, t if I 

student needed. The second area, "Student Assistance", to be filled.in 
at the end of each week, indicates whether or not students had provided 
' assistance for one another and the frequency, in an estimated percen¬ 
tage, of that assistance for that week. The third area, "Work- Time", 
shows the average amount of independent computer work time each child 

had had that week. The fourth area, "Significant Problems", indicates 
both teacher and student computer problems. The fifth area, "Other . 

Cocnrents", is filled in when necessary, (see Appendix D for a sample 
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Teacher Form) 

, * 

Anecdotal Records were kept on observations of student work during 

/ ‘ 

the laboratory time. While teachers would be able to contribute many 
observations on the students and their work during class time, the 
laboratory times would also be a rich source of information on student 
work and materials use. Whenever possible, narratives on.these obser¬ 
vations would be written to assist in evaluating the success of the 
materials. No form was created for this purpose. Anecdotal records 
would be kept cn regular notebook paper. The contents would vary. 

Often a description of a particular incident would be noted; other 

times generalizations would be made. 

/ 

Question 2: After approximately six hours of in-class use and six 

’ . • 

. ' 1 1 

hours of laboratory sessions with the materials, what kind of programs 

i / • . 

are children'able to write in 30 minutes when given instructions to 

• ** • * *• 

/ 

■'write an interesting program all by yourself”? 

The Classification Schema was devised to provide a framework for 
categorization and evaluation of the sample programs written at the end 
of the field trial. This categorization in turn, allowed for compar¬ 
isons of individuals and groups. The original schema had to. be revised 
to reflect the actual programs written by the students so that!, all 
categories in the classification included at least one program and each 

program fit into one and only one category.. The lowest category 

# ^ 

consisted of those programs that were copied directly" from materials 
and the highest consisted of those that had more advanced programming 
structures incorporated into them. f 
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Classification Schema for Evaluating Sample Programs 

Type Is.. Copied program directly fran materials j 

• • • I 

Type 2: Imitated sinple program • 

Sinple string of commands 
Type 3: Sinple adaptation of given programs 
Type 4: Imitated more complex program . 

Simple string of commands with obvious., editing 
Type 5: Simple original program: sequence of ccrrmands with a 
purpose 

Type 6: More complicated original program 
Type 7: Advanced original program 
Samples of each type of program can be found in Chapter 5 under the 
discussion of (Mestion 2. 

Question 3s Tto what extent are students’ attitudes concerning work 
with computers affected? 

An Attitude Survey was developed in order to evaluate the ^ 

student's attitudes toward computers and about themselves in relation \ 

v 

to their work with computers after using the learning materials. It is \ 
a Likert-like instrument with three response choices'. For each of the 
twenty items, the student selects from three faces, the one that best 

shows the way he/she feels when a survey item is read to him/her. The 

* 

first face is smiling, the second is passive and the third is frowning. 

The items are statements, often in ccnmand form, such as "Go work with 

/ " 1 

the computer now." so that the students would react as they might had 

the remark been made to them in the.classroom or laboratory setting. 

• / 

I 

The survey measures the following: 
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1. attitude toward time spent working with ccrrputers 

2. attitude toward writing a program 

3. attitude toward editing a program 

4. attitude toward accepting aid from another person 

5. self-confidence in working with the carputer 

6. motivation to begin or. continue work on the computer 

I tans often measure more than one of the attitudes. For example 
^tem 1 in the Survpy reads "Go work with the computer now." While a 
positive response to this shows a positive attitude towards time spent 
working with a carputer/ it also shews a high motivation to begin or 
continue work on the computer. Some*items measure only one attitude. 
Below are the statements in the Attitude Survey with numbers after them 
to indicate which of the attitudes each attempted• to measure. 

1. Go work with the carputer now. l r 6 

2. Find the mistake in your program. 3, 5, 6 

3. I'm coining to help ycu now. 4 

4. You finished your programl 2. . 

5. Show cur visitor what ycu can do with our carputer. 5 

6. It is time to leave the lab new. 1,6 

7. Here's something new for the carputer. You can be the first to 

try it. 1, 5, 6 . i 

8. Try to write a program of your own. 2,5, 6 

9. ' work with a partner today. 4 . . 

10. look at t^ris neat/program someone made today l 5 

11. Fix your program.^ 3,5,6 

* 

12. It is your time to work on the carputer. 1, 6 


13. You can stay and write another program. 2, 6 * 

14. I'll find someone to help you with your program. 4 

15. Work by yourself today. 5 

, r n 

l 

16. Write a program to do something exciting. 2, 6 

17. It is time for computer lab. 1,6- 

t * 

18. Now change ,the program so it does something different. 3, 6 

19. You can stay and work in the lab for a while. 1, 6 

20. You need to change, a couple of lines-in your program. 3 

The response sheet has a place for the child's name at the top. 
There are twenty groups of faces all in the same order from smiling to 
passive to frowning, numbered to correspond to the statements of the 
survey, {see Appendix E for a sample of the Student Response Sheet) 

The Attitude Survey is an informal instrument developed to look at 

a rather small element of the study. Teachers, colleagues, and 

• ' 

research advisors were asked to group the survey items under the 

appropriate attitude, 1-6 above.. After giving the tests, teachers were 

asked to look at the scores to check for discrepancies in the rating in 

% 

order to determine the extent to which the reponses actually corre¬ 
sponded to individual student's attitudes. This served as an informal 
check on whether the survey had, in fact, measured what it had been 
devised to measure. 

Each child was given the test independently in a room or hallway 
with only the interviewer present. The child was given the response 

sheet and the interviewer would then say "I am going to read seme 
sentences to you. I want yep to color in the face the way you feel 
when I read each one." Each statement was read in turn, preceded by a 
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number so that the child would have a check as to where the next £ace 
should be colored in. 

Question 4: To what extent is programing ability influenced by sex, 

grade level, teacher, students’ attitudes about themselves and their 

computer work, standardized reading and mathematics scores, amount of 

learning materials completed, or time spent working on the.computer? 

Besides previously described instruments, the scores on the New 

York State Elementary Reading and Mathematics tests would be used to 

compare groups of students. The Day School, site of the study, does 

not give any type of test unless mandated to do so. New York City 

private schools are required to give all third graders the Mathematics 

Test and Reading Test for New York State Elementary Schools (Grade 3 

Form R 1983). The tests were available for comparison with data frcm 

other instruments in the study. , 

V 

The Student Data Forms were used to organize data collected on 
individual children to allow for comparisons by attitudes, class, sex, 
or grade level. The forms would also present a more complete picture 
of each child, suggesting differences that may exist between two cate¬ 
gories of children. The student form consists oi five parts, each . . 
reflecting data colle£t*Ld on the whole sample. The first part gives 
information on completion of the learning materials, the second on the 
nultiple-choice computer tests, the third on the programming tests, the 

fourth on the programing ability rating, and the fifth on the scores 

% 

of the attitude survey, (see Appendix F for a sample of the Student 
Form) 

The Final Teacher Evaluation Form, completed at the end of the 
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study, provided teacher feedback oh their perceived effectiveness df 

r ' j ■ t \ 

the leaminq materials. It was felt that hew the computer material^ 

and the. computer fit into the classroom was very nuch affected/by hdw 

the individual teachers felt about the caiputer's presence there. T^is 

form was devised shortly before the end of the study, as the weekly 

**• / ’ _• ... . 

' / ‘ 4 

Teacher Form did not give a clear overall picture of the.material's 

effectiveness, at least from 'the teacher's point of view. It was also\ 

‘ t / ’ 

felt/ that a description of the computer program existent in each 

teacher's classroom would shed some light on the way in which the 

/ 

materials were used, the effectiveness of the materials under those 
circumstances, and the relationship of the viewed independence of the 

materials versus the students' real independence in the classroom. 

. / 

Since it was also felt that the teacher's own feelings about the 
computer may have directly or i^lirectly affected the computer use, use 
of the materials and independence of those materials, the teachers were 
also asked to describe their feelings about the computer's presence. 


The Final Teacher Evaluation Form asks for responses to two ques- 

l 

tions and a rating scale of the material's effectiveness. The first 
question asks each tfeacher to describe the computer program in his/her 
classroom during the, period of the study? the second to describe 

his/her own feelings on having the computer in the classroom. Oh the 

=| • : ’ ' \ 

rating scale, the teachers are asked to indicate the'effectiveness of 
the learnii^g materials in the following areas: clarity (to student), 

clarify (to teacher), ease of use, reading ease, and independence. .. 
Thpir 1 rating was to be shown with an x on a line, with values ranging 
from 1 to 5, 1 being very effective, (see Appendix G for a copy of the 


I 

I 
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Final Teacher Evaluation Form) 

The Questionnaire for Parents on Computers in the Home was used 
to determine the amount of contamination to the study by availability 
of computers, Atari PILOT, and/or other turtle-graphics languages in 
the hare. The effectiveness of the materials or aireunt of work time on 
the computer could in part be influenced t)y contamination of knowledge . 
from other sources, (see Appendix H for a copy of the Questionnaire 
for Parents on Computers in the Hare) 
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Chapter XV 
FIELD TRIAL 

School, Sample, and Length of Study • . 

The Day School, an"independent N 8 school in New York City was 
chosen as the field test site for the study. The school’s enphasis is 
on the child's growth both socially and academically with most academic 
endeavors centering around exploration of materials and ideas in a 
fairly informal environment. The achievement levels of the children, 

• . t 

while not documented by intelligence artd/o^aptitude tests, cover the 
entire.range of abilities that might be present in any public school 
located in a middle class ccmminity. Admissions to the school is based 
solely on the reciprocal offerings of the school and the child and not 
on academic standings and/or ability. In the sample group, for 
example, there were some children reading below grade level, a few with 
learning disabilities, as well as sane exceptionally bright children. 
The .sample consists of 58 children; 29 second graders and 29 third 
graders. There are 25 girls and 33 boys. This sample includes the 
entire second and third, grade population. Ihe field test took place 
over a twelve week period from the week of October 25, 1982 to the week 
of February 7, 1983. ' 

Procedures 

Meetings were held with the staff prior to the beginning of the 
study' to answer questions on the programming language Atari PILOT and 


% 





to discuss the placement of computers in the classroan and matters 
directly related to the study. The study began approximately one month 
after the students had had their first weekly computer laboratory 
session. On the three daysvof the week when the computers were not in 
the laboratory, they were in the classrooms, each second and third 
grade classroom having one. During that month prior to the beginning 
of the field trial, teachers worked through many problems on flexibil¬ 
ity of scheduling and equality of computer access. 

Teachers and students ware given preprogramming instruction on the 
computer in the laboratory setting. They were able to investigate seme 
Atari PID3T commands in the immediate mode in the laboratory and 
classroom for approximately four weeks before receiving the learning 
materials for the field trial. For the last two weeks of this time, 
children used preprogramming materials similar in nature to the pro¬ 
gramming learning materials they would soon be using. Teachers began 
their PILOT programming instruction, working on their own when possible 
and/or interested in doing so. 

The learning materials were introduced to the children during a 
computer laboratory period. The children needed to be clear on the two 
types of print that were used to differentiate between words and 
numbers to be typed into the computer and ones to be read, as well as 
the necessity of pressing the RETURN key at the end of each line of 
print typed.into the computer. An attempt was.made to observe every 
student as he/she began to work, as well as when trying something new. 
For the remainder of the field trial period, the students would work on 
the materials and/or programs'of their cwn choosing, both during the 




laboratory period and their own individual time on the conputer in 
their classroom Since there were at most six computers in the laboratory 
at any one time, the students very often had to share a conputer. 

Every attempt was made to find children who were at the same place in 

' • 

their materials to work together. Weekly staff meetings were held to 

discuss problems arising from the use of the computer and/or materials. 

• • 

The materials were used in class and in the laboratory for 12 
weeks. Children were assisted in class, when necessary, by their 
teachers or peers. In the laboratory, there were usually two adults 

i 

present, the laboratory instructor and a teacher and/or assistant 
teacher. Whenever possible, the children were directed back to their 
own resources, their previous work or their ability to explore and find 
the answer. For the length of the field trial, the students used their 
materials and/or wrote programs of their own in Atari PILOT; no other 
unrelated work was done on the computers eithdr in class or in the 
laboratory with the exception of one teacher who did a Thanksgiving and 
Christmas group computer drawing with his class. 

Whenever a child had completed Part I, II, or III, they were 

* • 

•issued two tests: the appropriate Multiple-choice Computer Test and 

i » 

the Programming Test for the part completed. These tests were adminis¬ 
tered to the student at a computer that was isolated from the rest. 

• * 

Each Friday a record of sections ccrpleted, tests taken and scores 

received were recorded on the Student Achievement Graphs. 

• * 

Both the teacher forms (completed by the teacher) and the anecdotal 
records (completed by the lab instructor) were attempts to record 

student problems with the materials. Both were kept on a weekly basis 
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and were used as a basis for determining how the subsequent parts of 
the materials would be written, who needed assistance, what clarifica¬ 
tion might be needed, and how the students might be helped to better 
understand sane aspect of the materials. 

During the last laboratory session in the field trial, each child 
was asked to create a program of his/her own. They understood that 

they could use their learning materials and ask questions but that the 

* 

program had to be an independent activity. They were told to take the 
whole period if necessary. When they were finished, they were to write 
their program down on the paper provided. The teachers helped write 
down the lengthier programs at the end of the period. 

The Final Teacher Evaluation Form was completed during a staff 
meeting by each teacher and assistant teacher who had worked with the 
children. The Attitude Survey was administered to all second and third 
graders individually in a rocm or hallway. The teachers also agreed to 
take the survey. A self-selected group of children took part in a 
brief additional exposure to PILOT through a computer afterschool 
program. 

’ , V 

Issues and Problems 

t 

The field trial was not conducted with a control group. The 

sample group previously described, used the materials to learn Atari 

PILOT and was not compared to a group of children learning Atari PILOT 

without these materials. The intention of the study was to test 

whether these children could learn PILOT with these materials and the 

extent to which that learning would be self-paced and independent, not 

« 
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whether they would learn more using these materials. 

The field trial was to be a part of a regular canputer program in 
the site school. For four weeks prior to the field test, teachers 
watched the interaction between their students and the corputer in 
their classroom, dealt with scheduling issues, and worked toward estab¬ 
lishing an equal access situation in their classroom so that these 
issues would be resolved at the onset of the field trial. They found 
that flexibility of scheduling allowed them to find enough time in the 
course of the three days that the computer was in the classroom for all 
children to have from twenty to forty minutes of independent computer 
tine weekly,. Equal access was a crucial issue. In order to guarantee 
that all children accumulate an equal amount of time on the computer, 
all teachers devised some sort of scheduling plan. Attention was paid 
to monitoring this schedule. 

During the field trial, there were two significant problems 
brought up in weekly staff meetings. There were a few students who 
were refusing their time on the computer. The second problem came in a 
third grade classroom, where one child, with the availability of PILOT 
at hare, was joined by a few of his classmates in flaunting his exper¬ 
tise. Each problem was resolved and will be discussed in Chapter 5. 
Children, at times, needed to be directed back to their materials or 
encouraged to explore independent of their materials. These problems 
will be discussed further in Chapter 5. 
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Chapter V 

v 

RESULTS ' • 

■ *• 

The results,of the .study will be discussed in relationship to the 
original investigative questions. An additional section will describe- 
other observations. 

Ccmpletion of Learning Materials 

In regards to learning materials ccnpletion, what is the a) 
achievement level, b) extent of self-pacing achieved, and c) kind and 
amount of assistance given? 

Achievement 

Accuracy of canpletion of the learning materials was examined 
based cn the primary objectives of the materials. While periodic 
checks were made to insure that the children were working in their 
materials, all work was not checked for accuracy. Children were to 
work through the materials at their.own pace. It was hoped that if 
same programming ccnmand or structure was not fully understood at the 
point of introduction, that subsequent work would help clarify that 
aspect of the programing language. 

Based on the principal objectives of the learning materials that 

follow, the results discussed below were seen. 

• » 

The students will.be able to: 

1. use the appropriate PILOT carmands. 

2. draw conclusions from computer observations.^ 



3. 


add to and/or delete lines from a program. 

4. edit given programs to achieve a given effect. 

5. fill-in missing program parts to create a given program. 

6. use appropriate angle size and/or length size. 

' 7. create programs to achieve a given (stated) effect. 

8. create programs of his/her cwn. 

« • * 

9. ‘ label program lines by the action performed there. 

10. fill-in missing elements on a chart. 

11. draw conclusions frcm a chart. 

12i use a counter and a conditional in a program. 

13. use programning structures introduced. 

14. edit his/her own program. 

15. use the materials as a reference. * , 

All students .(58) in the sample completed Part I, Sections 1 and 2 in 
which completion of the materials tested objectives 1, 2, 3, and 4. As 
a group, 71% (41/58) were able to use the appropriate PI IDT caimand 
(Objective 1), 74% (43/58) were able to add and/or delete program 
lines (Objective 3), and 79% (46/58) were able to edit given programs 

i 

to achieve a given effect (Objective 4). Only 60% of the grcup were 
able to show evidence that they could draw conclusions frcm ccnputer 
observations (Objective 2). • While many of the children may well have 
been able to draw conclusions based on what they saw, writing down 
these observations may .not have been as easily accomplished. In 

working with many of the children, especially second graders, it was 
seen that when a question involved writing down more than one word or 
number or explaining why something was so, the question was skipped. 
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Most of the inaccurate responses were, in fact, blanks. Many children 
were just not carmitted to the carp let ion, or the correct conpletion, 
of all exercises. Although every attenpt was made to use a limited 
vocabulary, very often the meaning of what was written was’not clear to 
sane of the students. 

Twenty-eight students completed Part 1, Section 3 of the learning 
materials which tested objectives 4, 5, 6, 7, and 8. As a group, 89% 
(25/28) were able to edit given programs to achieve a given effect 
(Objective 4), 93% (26/28) were able to fill-in missing program parts 
(Objective 5), 89% (25/28) were able to use .appropriate angle size 
and/or lercjth size (Objective 6), 86% (24/28) were able to create 
programs to achieve a given effect (Objective 7), and 82% were able to 
create programs of his/her own (Objective 8). While all children were 
able to create programs of their cwn, again the task of writing down 
their work into the space provided in the learning materials was just 
too time consuming for some. 

Iten students completed Part 2, Section 3 (Sections 1 and 2 were 

computer operational instructions) of the learning materials which 

tested objectives 2, 3, 4, 5, 7, and 9. As a group, 90% (9/10) were 

able to draw conclusions frcm carpi ter observations (Objective 2), 70% 

were able to add and/or delete program lines (Objective 3), 100% 

(10/10) were able to fill-in missing program parts (Objective 5) , 90% 

(9/10) were able to create programs to achieve a given effect 

(Objective 7), and 70% (7/10) were able to label program lines by the 
• , 

action performed there (Objective 9). Only 60% (6/10) were able to 

» ' . . 
accurately edit programs to achieve a given effect (Objective 4). It 
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will later be shown by scores on the Attitude Survey that most students 
did not like editing their programs. Two of the four students who did 
not master this objective ware students who seemed to feel compelled to 
ccnplete as much work as possible in their book. Their desire to 
complete workbook pages appeared greater than their desire to complete 
them correctly. 

Three students completed Part 2, Section 4 of the learning 
materials which tested objectives 4,7/ and 8. TWo students completed 
Part 3, Section 1 which tested objectives 2, 4, 5, 6, 7, 8, 10, and 11 

t 

and Part'3, Section 2 which tested objectives 2, 5, 7, 8, 12, 13. All. - 
objectives in these last three parts were accomplished with 100% 
accuracy. 

Objective 14, the student will be able to edit his/her own 
programs, was not tested for but through observation it was seen that 
most children could add and delete lines in their programs. As seen in 
the sanple programs discussed later, about 74% (43/58) of the children 
wrote a middle level or high level program, both showing signs of the 
ability to edit. In relation to objective 15, the students will use 
the materials as a reference, an effort was made to.have the students 
find the answer to their questions in their materials where possible. 

The variability in this'use of the materials as a reference was quite 

extensive. A few kept notes and used the materials often in this way. 

* ( / 

Many had a difficult tima relying on themselves and/or the materials, 

although every attempt to have them do so was made. 

'In general, those children who completed more than two sections of 

the materials, completed them more accurately. Thus, those who got 





beyond the first two sections irv Part I,, generally completed most all 

1 

items accurately. There were class differences in completion of the 
materials. In jjoe:class, in which oily one child finished more than 
the first two sections of Part I, there were more inaccuracies, or 
incomplete work, than in the other groups. Another classroom teacher 
spent more time with those children who were having difficulties, thus 
more work was completed as their questions were answered. The other 
two classrooms were more ccnpetitive, one of those having many students 
who seemed to be workbook fanatics; the computer learning materials 
were seen as another workbook to complete. 

There was a significant difference between the amount of learning 
materials completed by one of the two second grade classes, Class A, 
and the other three classes in the field trial, as well as between 
Class A and the other second grade class. Table 1 shows the fre¬ 
quencies with which Class A and the rest of the classes completed the 
learning materials. 


Table 1 

Completion of teaming Materials Among Class Groups 



Sections of Learning Materials Completed 

Class 

1.1-1.2 

1.3-3.2 

Class A 

13- • 

1 

Other Classes 

17 

27 

* 


The X x test for two independent samples was used. For the 1- data in 
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Table 1, the value of Z*is 9.73 which’is significant at the 6.01 

*w 

level. There is a significant difference fcfe tween the amount of the 
learning materials ■completed by the second grade Class A and the other 
three classes. 

. Table 2 shows the frequencies with which Cld^p^ and- the other 
second grade completed the learning materials. 


Table 2 



Sections of Learning.Materials Completed 

Class 1.1-1.2 

1.3-3.2 

Class A 13 

1 

Other Second Class'' 7 

8 


The 2f x test for two independent samples was used. For the data in 
Table 2, the value of Z. 1 is 5.22 which is significant at the 0.05 
level. There is a significant difference between the amount of the 
learning iraterials completed by the second grade Class A and the other 
second grade class. 

Children from Class A completed less of their learning materials 
than both the other second grade and the rest of the classes. While it 
may have been expected that the second graders would have completed 

less of the learning materials due to reading ability and/or maturity/ 
it was not expected that one group of second graders would have outper¬ 
formed the other in this regard. Through observation and discussions 
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with the staff during the field trial, it was noted that the second 
grade teachers, managed two very different computer programming environ¬ 
ments. Class A teacher was very apprehensive about the computer in 
general. She had rao prior computer experience. She felt that her 
energies had to be divided into other different areas of the curriculum 
many of which ware seen as more important to her and her class. Since 
this was her first year as a classrocm teacher much of her extra time 
was spent in those areas father than learning more about PILOT and/or 
the computer. Although she attenptied to help the children, often this 
was not possible. In contrast* the teacher in the other second grade 
class was extremely interested in learning as much as possible about 
the computer arx3 PILOT and had had prior computer programming exper¬ 
ience. He worked on two class computer projects, encouraged group and 
cooperative efforts, was able to work with those children who were 
reluctant as well as those who were able to move quickly through .the 
materials, and encouraged the children to write programs of their own. 

Apprehension about the computer and their operation of it remained with 

♦ 

the children in Class A much longer than in the other second grade 
classrocm. 

The Multiple-choice Computer Tests ware designed to evaluate the 
students' understandings of the material presented in the learning 
materials. A test was given at the end of each part of the materials. 
Each test contained six to eight items to evaluate the principal objec¬ 
tives of the tests as follows: 

The students will be able to 
1. match sirrple program listings to program runs. 
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2. identify which PILOT contend or computer key has been used. 

3. use the appropriate ccmputer caimands and keys. 

4. identify program lines by the action performed there. 

5. demonstrate understanding of PILOT ccnmands/struetures. 

Each student received a score of 75% or better on each test taken as a 
whole. Twenty-eight students took Test 1 which tested objectives 1 and 
2, upon completion of the three sections of Part 1. As a group, 71% 
(22/28) were able to match siirple program listings to program runs and 
100% (28/28) were able to identify which PILOT carmand or computer key 
had been used at a 75% mastery, level. Three students took Test 2 which 
tested objectives 3 and 4, upon completion of the two sections of Part 
2. As a group, 100% (3/3) accomplished the objectives at a 75% mastery 
level. TWo students took Test 3 which tested objectives 2 and 5, upon 
completion ^ot 'the two sections of Part 3. As a group, 100% (2/2). 
accomplished the objectives at a 75% mastery level. In general, all 
students who were given tests did well. 

Immediately after,taking the appropriate multiple-choice computer 
test, the student was asked to write a specific program. Programing 
Test 1 asked the student to write a program to make a shape such as a 
square, triangle, or pentagon; Test 2 asked the student,to load the 
program STAR? into the computer and then to change the program so that 
the star flashed; and Test 3 asked the student to write a program that 
used a counter. All students successfully wrote the program requested. 

For some, the program was completed within seconds; for others the task 
took as long as ten minutes. 
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Self-Pacing 

<** 

i 

One measure of the success of any materials to be self-paced is 
the amount of material covered.by the individuals of a group in v a given 
period. Since the situation was monitored to assure that all children 
were using the materials, it was possible to compare the sections 
completed at the end’ of the twelve week study to ascertain whether the. 
materials allowed these children to work at their own pace. It needs 
to be assured, however, that due to the nature of any group of children 
approximately the same age, there exists many different rates of 
working. Therefore it would be expected that with the amount of time 
on the computer being equal or near equal, the amount of the materials 
completed would vary from individual to individual to reflect these 
different rates of working. After approximately 12 hours of on- 
computer time, the number of sections of learning materials completed 
by each student, as shown in Table 3, were compiled. 

Table 3 

Completion of Learning Materials 


Section Completed 

Number of Students 

1.1 

58 

1.2 

58 

1.3 

28 

. 2.1 

10 

2.2 

3 

3.1 

2 

••3.2' 

2 
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Table $ indicates that students were able to complete differing 

... 1 , 

anoints of the materials given the same time frame in which to work on 
them. Students were able to work through the materials at. varying 
paces. While 100% of the sample (58/58) completed Sections 1.1 and 
1.2, 47% (28/58) completed Section 1.3, with 17% (10/58), 5% (3/58), 3% 
(2/58), and 3% (2/58) completing Sections 2.3, 2.4, 3.1,.and 3.2 

*• . i 1 

respectively. This data indicates that to a rather high extent, self¬ 
pacing was achieved in the use of these Atari PILOT learning materials. 


Assistance v - 

Students did need assistance in order to be able to work in their 
learning materials. It is not an easy task to separate the assistance 
given students while working in their learning materials due to diffi¬ 
culties, they may have understanding the computer and their interactions 
with it, from the assistance given due to difficulties in their use of 
the materials. 

The materials were designed to be used independently as a 
springboard into their work with computers and programming. Interac¬ 
tion, in the form of requested or offered assistance, was given to 

» 

optimize the effect of the materials. It was not intended that 
assistance would be needed constantly nor that it be intentionally 
withheld. If the opportunity arose to present sane new idea or problem 
to solve based on what the student had just done, the opportunity was 
taken. Questions were asked if it was felt that the children might not 
be questioning themselves as they worked through the materials. 

The students needed to be ccmputer-secure. This was a rather slow 
» « 
process for sate. Thus they would need to ask more questions due to 



* insecurity rather than inadequacies of materials to give them the 
needed informtion. It was found that a few students were refusing 
their time on the canputer. In each case,, the child was just not 

» 

secure in what he/she could or should do co the computer. Devoting a 
thirty minute period to work with that student was most effective. 

Seme teachers would schedule that child's computer time when they would 
be able to assist. 

Assistance in the use of the materials seemed to be of the same 
kind and magnitude as the assistance needed to begin work in any new 
area, especially one in which exploration is a'part of the experience. 

Initially more assistance is needed, leveling off to the assistance 

* 

that is associated with new elements of a subject matter. Since the 
materials were designed to provide students with the ability to move 
through them at their own pace, it was likely that more "new” elements 
would be worked on each week. Also, many of their experiences'will be 
in tte area of problem solving. This area, while presenting many 
challenges, also requires that more assistance be given. 

Assistance needed in that first programming session in the labor¬ 
atory with the learning mterials was mostly "reluctance” assistance; 
the students were reluctant to proceed past a line without first 
checking to see what they should do next. Most children, however, 
worked without assistance and/or questions. Since each child was 
working on the same page in his/her mterials that first session, the 
television screens served as feedback devices to him/her as well as to 
others in the roan. Seeing what someone else had on his/her screen 
often reinforced the correctness of one's cwn work. After that first 
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laboratory session,, the kind of assistance needed was that of clarifi¬ 
cation and understanding of programing procedures and structures. 
Assistande was also offered to present a challenge or question what the 
student was doing. 

According to the weekly Tteacher Forms used to record classroom 
assistance, children had a variety of difficulties' in using the 
mate rials/computer. In general, reading difficulties were few. Prob¬ 
lems with machine operation lessened as the study, continued. Students 
needed help with a variety of programming and computer problems, as 
well as finding or correcting their errors. They received help from 
teachers and/or peers in these matters. Peer assistance became an 
invaluable aid to some in the classrooms where it was allowed or 
encouraged; partners were often chosen in two of the* classes. The 
teachers 'in these classes generally did not feel as secure themselves 
with the computer and in sane cases this forced the students to seek 
help from another student. 

One problem experienced by many but resolved after more program¬ 
ming experience involved the idea of a program as an entity that was 
stored in the computer memory only as long as the computer was turned 

s 

on. Students would sit down to work not realizing that in order to 
continue where they had left off in their materials, they needed to 
reenter their program into the computer; that the program they had 
typed in last time was not still there inside the computer. 

Most of the children in the study relied on their materials and 
others in their beginning work with programming in PILOT. The move 
toward independence came at varying times for the children, but seemed 
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most related to their ability* to make the computer do what it' was 
supposed to do as directed in the materials. Relying on others was 
often a sign of not being able to take a chance. While many children 
asked that first day if they should press REIURN after typing in that 
first program line, most were able, at least by four weeks into the 
study, to have gained a sense of exploration, a "try it and see" 
attitude that also carried over into their work with the materials. 

This ability to explore with each new command or structure was also a 
sign of greater freedom from others. Other children were very indepen¬ 
dent in their materials work from the beginning. While-the materials 
were written with as few words as possible, it was clear that at least 
in the beginning, the better readers relied less on assistance from 
others. As the less able readers came to know the vocabulary used in 
the materials, reading seemed to be less of an issue for them. 

Children appeared to rely on themselves more as they became 
comfortable with the computer and their ability to make something 
happen. The more independent children still looked to others for 
interaction and assistance, but their needs were different. They no 
longer•heeded help with operating the computer or using the materials, 
per se, but questions on programming continued to arise. They wanted 
to know how to make the computer do something, whether something was 
possible, or hew to combine what they, already knew into what they 
thought was possible. They became more willing to take chances, 
experiment, and explore with new ccrrmands and structures. 

It was found that children often had to be ‘directed back into 

* 

their materials or challenged to experiment with what they had been 




62 


introduced to thus far. In the instances where a child was not using 
his/her materials, a little assistance seemed to help him/her under¬ 
stand how to work in the raterials or what he/she cculd get cut of 
them. Another kind of dependence was seen in a few children; a depen¬ 
dence on their materials. Iheir reluctance to explore was obvious. 
Since it was felt that exploration would insure understanding of the 
ccrrmands and structures in the language, it was crucial that these 
children do so. Challenge programs were offered with a little 
guidance. When not electing to do so on their cwn, children were 
encouraged to balance the work in the materials, with same exploration. 

Most children did both. 

> 

While partners often lessened the need for adult assistance in- the 
classroom or the laboratory, often working with a partner was detrimen¬ 
tal to achieving greater independence. A few children did not want to 
work alone, still apprehensive abcut their ability to manage on their 
cwn. ''■ * 

k » 

v . _ 

X Programming Ability 

t ■? 

* 

After approximately six hours of in-class use and six hours of 

L 

» * 
laboratory 1 sessions with the materials, what kind of programs are 

children able to write in 30 mnutes when given instructions to "write 

an interesting program all by ycurself"? * 

The last laboratory session of the 'field trial was given to the 

creation of individual programs. Each child was placed alone at a 

■ 

computer, gi\ten--instructions to write a program of his/her own using 
his/her learning materials folder if he/she desired, and asking for 




help if necessary. 

* 

The Programming Session 

In all cases, except one, the rooms were very quiet as the 
children worked on their programs. The one exception was Bnily's 
class. Emily constantly talked to herself. Others asked her nicely to 
be quiet, but she had a great deal of difficulty doing so. She did the 
sane thing during bther laboratory periods, but the other talking in 
the laboratory made it unnoticeable until this day. 

It would be useful at this point to describe sane observations of 
student behavior, work, questions and•comments during this program¬ 
writing session. Generally, children seemed reluctant to ask ques¬ 
tions. They had been told that they cculd ask questions, but that they 
needed to rely cn themselves and their folders for writing this program 
since it was necessary to see what kind of program they cculd write on 
their own. Wien they did ask questions, they were often referred to 
their learning materials folders or asked a question that would trigger 
some prior work. It was rare that a student asked a question that 
he/she was not able to figure out or reference in his/her materials. 
Very few children used their learning materials. Most seemed to pull 
from information within themselves. 

Neil asked if he had to do things in his folder or would he be 
able to do sane thing Charlie had taught him. Throughout their work in 
the learning iraterials student interaction, and thus sharing of infor¬ 
mation, had been high. 

A few children turned off the computer at some point and started 
again. Others achieved the same effect by typing in NEW, something 
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which had been encouraged over turning off the computer. Sane seemed 
to do this in frustration at not achieving the effect they had wanted, 
or at least something interesting enough to Keep. While most children 
were generally attentive to the task at hand, they were able to view 
sane of the other television screens if they chose to do so. Pressure 

i 

to create something meaningful, therefore, was kept strong by the 

knowledge that others could, if they chose to, view the results of 

. • •>» 

their programs. This fact seemed to be the basis for sane of the 
destruction of programs. Kevin and Scott were very fast typists. They 
both quickly created programs with seme sense of order and a certain 
degree of pot luck. They hoped that the order they had chosen would 
produce an interesting result. If the result could not be edited to 
achieve an interesting result, they would turn off the machine and 
nonchalantly start again. 

tost seemed satisfied with their final result even if there was 
sate frustration in the creation process. TWo children cried while 
working on their programs. Abigail most always created programs with a 
goal in mind. She knew now what she wanted to do based on previous 
experience and watching the results of others. Her program plan 
involved a new idea and she did not knew hew to accomplish this. She 
knew that this was something that she could not ask. Matt was genuine¬ 
ly frustrated. An intelligent child, who had missed a lot of school 
and thus computer time. Matt was in a class that would often work 

together to create exciting programs. He was well aware of how his 
work caipared with the others and this seemed to paralyze him at this 
point. An agreement was made to have him care to the laboratory at 
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another time to work alone with the ccnputer. This seemed to help and 

• • 

he was able to focus on the creation of his ccnputer program for the 
rest of the period. 

Observations made during this session were most important so that 
information not obtainable frcm a finished program could be known. The 
following are four examples of that type of information. Ben T. had 
used a more sophisticated structure (loop) tut removed it since the 
visual effects were not as pleasing. He was thus able to insert the 
statements where necessary to create this loop, knowing that often, 
very interesting patterns would result. This time, however, this was 
not the case. Peter had made an interesting design using the repeat 
command. Outloud, but very quietly, he remarked to himself "I think 
I’ll make two of them".' He then proceeded to do so successfully* He, 
like Ben T., preferred his original creation. Thus he eliminated this 
second design. Ben L. created a snowflake design by repeating a given 
design, turning a bit, and repeating this process until the design was 
to his liking. The interesting idea here was that much work went into 
deciding on just the right number of times to repeat the design and the 
amount to turn and that this work was not evident in the finished 
product which could also have been arrived at by chance. Porter would 
add a few lines to her program and then run the program to assure 
herself that her latest program line was visible on the screen. 

A few children used information from their learning materials. 
Ehiily used the lines to create different stars; Justine the same for 
different shapes. Only three children copied their program directly 
from the materials. TWo of than miscopied one line. They did not go 




back and make the correction, although it was obvious that one of the 
two knew she had made a mistake. The other child was just glad to have 
something on his screen. 

Some students were very relaxed. For the most part, these 
students seemed to be the ones who were generally more independent in 
their computer work and more confident in their ability to produce a 
program that they would be satisfied with. They asked for help, but 
when they did, were better able to see what kind of help they needed. 

Sore students seemed to settle for a mediocre program, or at least 
one that they deemed less exciting than they had produced in the past. 
Other students had a difficult time settling cn a program they consi¬ 
dered adequate. This pressure kept them working until’ they finally 
created an interesting program or ran cut of time and settled on what 
they had done. 

Most students concentrated on the £ask. Others let themselves be 
distracted by what others were doing. These students seemed to have 
added the competitive edge, needing desperately to create a program 
that was better than the others. Those that did the best were those 
who could stay focused on the task at hand, had a good idea of what 
they wanted to do, which was also within the realm of what was possible 
for them, and had exhibited a fair amount of independence in their 
previous work with the computer. 

Children wrote programs based on information they had obtained 

from their.materials and from their interactions with others. While 
the programs reflected where children were in their materials, they 
also reflected what they had learned from each other. Therefore, if 
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one child had reached the third part of ^he materials, it was evident 
that some others not yet in that part, knew about, could use or were 
experimenting with programming ccnmands or structures from that part. 
Generally speaking, however, many experimented with and cculd use seme 
new cctimands learned in this way, but only one boy was able to incor¬ 
porate a new structure, learned frem a peer who had reached that part 
of the materials, into his work. 

A session like this was able to produce evidence of the program¬ 
ming information the children possessed and were able to use. Although 
much was shown about the students' programming abilities through obser¬ 
vation that a study of their finished products alone could not have 
revealed, it was also found that in all but one case, this extra 
information did not’change their rating of programming ability. This 
is very important to note. In these cases, observations were valuable 
in understanding the children as programmers, yet not in determining 
the level of sophistication of their programs. 

The Classification Schema 

Ihe original schema had to be revised, to reflect the actual 
programs written by the students so that all categories in the classi- 

fication wauld include at least one program and that each program vrould 

* 

fit into one and only one "category. Changes reflected a need for 

* i 

clarity (simple original program to simple original program: sequence 
of ccnmands with purpose), a previously unconsidered category (simple 
string of commands), or a classification of two types of programs as 
being at the sane level of sophistication. Each time the schema was 

changed, the programs wetre again classified until it was clear that 

0 



each belonged clearly to one and only one category. Below is the 

schema as originally created and as revised. 

c ... 

Original Schema Revised Schema 


1. Copied directly fran materials 

2. Imitated (one fran materials; 
recreated on own) 

3. Simple adaptations of given 
programs 

4. More complicated adaptations 
of given ones 

5. Simple original programs 

6. More complicated original 
programs 

7. Highly complex programs 


1. Copied program directly from 
materials 

j 

2. Imitated simple program ' 

Simple string of commands 

3. Simple adaptation of a given 
program 

4. Imitated more complex program 

■ Sinple string of commands with 
obvious editing 

5. Sinple original program: sequence 
of conmands with a purpose 

6. More complicated original program 

7. advanced original program 


Sanple Programs 

Below are the categories of the Classification Schema for Sanple 

Programs with a sanple of each. Comments are included where helpful. 

Type 1: Copied program directly from materials 

10 GRsDRAW 15 
20 GRsTURN 120 
30 GRsDRAW 115 
40 GRsTURN 120 
50 GRsDRAW 15 
60 GRsTURN 120 
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Line' 30 was miscopied by the student? 115 should have been 15. Three 

children wrote programs of this type? two of them miscopied a number. 

Type 2: Imitated simple program 

10 GR:DRAW 25 
20 GR:TURN 120 . 

30 GR:DRAW 25 

This student spent the entire period typing this in. Wiile it is the 
beginning of the program that was printed in her learning materials 
which she had been working on since October, she did not refer to her 
folder at all. Only two students wrote programs in this category of 
Type 2 programs? the rest, 10 students, wrote programs in the next 
category. 

Type 2: Simple string of canmands 

• 2 GR:59(DRAW 45;TURN 1592) 

3 GRsTURN -90 

4 GRjDRAW 48 

5 GRiFILL 79 

6 GR:43(DRAW 23;TURN 34) 

7 SO: 56 

8 PA:123 

The result of line 6 does not appear on the screen. Ten students wrote 

this kind of! program. They seemed to have available to than the pro- 

» » 

gramming commands they had learned and at sane level an ability to use 
them. It seems clear in the above example for instance that this boy 
knew that the sound (SO) ccnnand could be followed by a pause (PA) 
ccrnnarri. It was not obvious fran the program whether he knew the 
effect that the pause ccnrnand had on the sound command. It seems that 
he was stringing together ccmnands, without obvious editing. If he had 
been observing closely what was happening in his program, he would have 
realized that the figure created by line 6 did not appear ch the screen 
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and would have made seme changes in the program. 

Type 3: Simple adaptation' of given programs 

11 GR:5(DRAW 15;TURN 144) . 

12 GR:7(DRAW 15;TURN 154) 

14 GR:PENRED 

45 GRs3.(DRAW 15; TURN 120) 

• * 

Only two children wrote programs like this. Both used information from 
their folders but canbined the information into one program. The child 
who wrote the program above was well aware of what she was creating and 

l ' 

how she was accomplishing it. After the first two line numbers she 
became aware that she would be able to add more shapes in a similar 
manner and that she could make the next one a different color. She was 
making many new discoveries through this assignment. 

Type 4: Imitated more complex program 

9 *SNOWFLAKE 

10 GR:5(DRAW 30;TURN 144) 

19 GR:TURN 20 

20 J :* SNOWFLAKE 

Of the 19 students whose programs were of this type, only the one above 
fell into this category, that of a more ccmplex program given in the 
materials. The others vrere either a combination of both categories in 
this type or clearly of the next type. 

Type 4: Sinple string of commands with obvicus editing 

1 GRtDRAW 34 

2 GRsTURN 200 ' 

3 GR:PENRED 

4 SO:34 

5 SO:42 

6 GR:60(DRAW 45;TURN 90) 

7 GRsGOTO 34,56 

8 GR:577(DRAW 62;TURN 144) 

This student, as with all others in this category, was well aware of 
what his program was doing and through editing was able to make neces- 
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sary changes. It was not obvious that he had made plans for sanething 

. \ 

. ) 

specific bo happen from the onset and followed through on that plan or 

developed any plan after an initial ccntnand or two had been written and 
tried out.' That type of planned program was a type 5 program. 

’ Type 5: Simple original program: sequence of commands 
with a purpose 
5 GR:PENRED. 

10 GR:3(DRAW 15;TURN 120) 

11 GR:PENBUJE 

20 GR:4(DRAW 15;TURN 90) 

30 GR:7(.DRAW 15;TURN 144) 

31 PA:60 

32 GR:CLEAR 

33 GR:GOTO 15,15 
- ' 34 GRiGOTO 2,10 

35 GR:4(DRAW 2;TURN 90) 

• 36 GR:GOTO 0,10 

37 GR:4(DRAW 2;TORN 90) 

This student, as with the other 14 students who created programs of 
this type, gave sane indication that she had sane plan in mind while 
creating her program. She wanted to create different shapes in dif¬ 
ferent colors, clear her screen and create other shapes in different 

V 

positions on the screen. 

Type 6: More canplicated original program * 

10 T:ZAP 

20 T:DO YOU WANT TO GET ZAPPED? 

25 T:SAY YES OR NO 
30 A: 

40 M:YES 
45 JY:*F 

50 T:TO BAD YOU GOT ZAPPEDZZZZZZZZZ 
56 E: 

60 *F " 

65 T:YOU ESCAPED THE LAZERi 

This student knew exactly what he wanted to do and the structures and 
canmands he had to use to accomplish his goal. He displayed an under- 


standing of conditionals and the use of the natch (M:) command. There 
were six students who wrote programs of this type. 


Type 7: Advanced original program 

9 GR:PENBLUE 

10 * FOOTBALL 

20. GR:42{DRAW 15;TURN 22) 

30 GR:TURN 15 
40 C:#A=#A+1 
50 J(#A<10):*FCOTBALL 
55 GR: PEERED 
60 GR:TURN 91 
70 GR:DRAW -45 
80 *BASEBALL 

90 GR:42(DRAW 15;TURN 22) 

' 100 GRtTURN 15 
110 C:#B=#B+1 
120 J(#B<10):*BASEBALL 


Two students wrote programs of this type. Both had Atari PILOT avail¬ 
able to them at heme and were highly motivated to learn as much as 
possible about the language. 

The Classification Schema yielded three major levels of program¬ 
ming ability described by the kind of programs written. A low level 
program, type 1 or 2, is a simple program, either a sequence of random 
carmands or one copied directly from another source. While there is 
some ability to use commands, there is no evidence of editing or a 
sense of the importance of order. A middle level program, type 3 or 4, 
is an exploratory program with atteirpts to use known carmands and 
structures. There is an absence of planning for the most part, but 

evidence that freedom to explore, th^ability to edit programs, and an 
awareness of what certain carmands and/or structures do, is present. A 
high level program, type 5, 6, or 7, is a planned original program 
often including a more sophisticated programming structure. There is 
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evidence of planning or preplanning as well as the understanding of 
structures. The three levels may be sunmarized by the terms imitative, 
exploratory, and planned. The number of programs in each type category 
of the Classification Schema is asjfollows: 

Type 1: 

TYpe 2,: 


Type.3: 
Type 4: 

Type 5: 


Type 6: 

Type 7: 

Fifteen children wrote lew level programs, Types 1 and 2; 21 children 

t' , 

wrote middle level programs. Types 3 and 4; and 22 wrote high level 
programs, Types 5, 6, and 7. 

Students are able to write programs at various levels of sophisti¬ 
cation. The programs created range from the sinple program copied 
directly from the materials to, a rather sophisticated program able to 
incorporate more advanced programming structures into a program in 
order to achieve a certain goal, frem free exploration to planned 
.programing. 


Copied program directly from materials ...... 3 students 

Imitated simple program * 

i 

Simple string of commands.12 students 

Simple adaptation of given programs . . 2 students 

Imitated more complex program 

Simple string of commands with obvious editing . . 19 students 
Simple original program: 

Sequence of commands with a purpose.14 students 

More caiplicated original program.6 students 

Advanced original program . 2 students 









Attitudes 


lb what extent are students* attitudes concerning work with 
computers affected? 

At the end of the study the Attitude Survey, given to each 
student, measured the following: 

1. attitude toward time spent working with computers 

2. attitude toward writing a program 

3. attitude toward editing a program 

4. attitude toward accepting aid from another person 

5. self-confidence in working with the computer 

6. motivation to begin or continue work on the ccrrputer 

In general; students exhibited positive attitudes in all areas 
measured except editing a program. In both attitude toward time spent 
working with computers and attitude toward writing a program, most all 
scores were clustered at the highest possible scores. Children-felt 
extrenely positive about their time spent working with computers and 
writing programs. 

In both motivation to begin or continue work on the computer and 
accepting aid from another person, scores were high with a clustering 
of scores falling just before the highest possible scores. Children 
felt very motivated to begin or continue work on the computer and very 
positive about accepting aid from a another person. 

Most scores of the self-confidence scale were in the Upper half of 
possible scores (positive) with the greatest cluster of scores falling 
in the middle of that half. Children ,were for the most part self- 
confident about their work with carputers, but not overwhelmingly so. 
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The only attitude scale shewing a greater negative than positive 
distribution was the attitude toward editing a program. Almost three- 
quarters of the students (42/58) responded negatively with the greatest 
cluster of scores falling in the middle of the lower (negative) half of 
the scores. Children, while responding positively to all other 
measures of their attitudes towards computers and their work with them, 
felt negative about editing a program. 

Attitude Toward Tine Spent Working with Computers 

All scores were in the 8-12 range (0 being most negative; 12 being 
most positive) with,48 out of 58 children scoring either 11 or 12. All 
children felt positive about their time spent working with computers. 
Figure 1 illustrates this positive trend. 

Figure 1 

Attitude Tbward Time Spent Working with Computers 



POSSIBLE SCORES 
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Attitude Ttoward Writing a Program 

• • 

While all scores were in the upper two-thirds, only 8 out of 58 

were in the middle third, leaving 50 out of 58 children with scores in 

■ 

the upper third of the scale {6,7, o» 8)^» Most all children felt 
positive about writing programs. Figure 2 illustrates this positive 
trend. 


Figure 2 

Attitude Ttward Writing a Program 

* 

N 



Motivation to Begin or Continue Work on the Computer 

While all but two children scored in the upper half of the range 
of scores, nost. scores ware clustered just before the highest scores. 

j 

Almost all children felt positively motivated to begin or continue wgrk 
on the computer. Figure 3 "illustrates this positive clustering. 
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Figure 3 

Motivation To Begin or Continue work on the Ccnputer 



T 

S ' POSSIBLE SCORES 

Attitude Toward Accepting Aid from Another Person 

i 

While 9 out of 58 scored at the midway point or just below, all 
others (49/58) felt positively about accepting aid. Most all children 
felt positive about accepting aid from another person while working at 
the computer. Figure 4 illustrates this positive clustering. 

Figure 4 

Attitude Toward Accepting Aid From Another Person 
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Self-confidence 


All.scores were in the upper two-thirds with scores clustering at 


&bout the two-thirds mark. Most children felt moderately self- 
confident with respect to their work with ccnputers.^ -Figure 5 shows 


this positive clustering 


Figure 5 


Self-ccnfidence 



POSSIBLE SCORES 

a 

Attitude Ttwards.Editing a Program 

This was the only scale that indicated a negative attitude by the 
children in their work with computers. Approximately three-quarters of 
the students responded negatively towards editing their programs. Only 
four children scored in the upper third of the rating. The rest of the 

children, 54 out of 58 , scored in the lower two thirds with a clus¬ 
tering at the cne-third mark. Most children felt negative about 
editing a program. Figure 6 illustrates this negative cluster. 


(.'i 
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Figure 6 

Attitude Towards Editing a Program 



. Comparison Between Groups 

To what extent is programming ability influenced by sex, grade 
level, teacher, students' attitudes about themselves and their caiputer 
work, standardized reading and mathematics scores, amount of learning 
materials completed, or time spent working on the computer? 

. V 

The Classification Schema used to categorize the students' 

original programs, written independently in the last laboratory session 

• « 

of the study, allowed for the division of all students into distinct 
gropps according to programming ability. Two of the groups examined 
consisted of students who wrote high level programs (high level pro¬ 
grammers) and students who wrote non-high level programs (non-high 
level programmers). High level, programmers were those students whose 
original program was classified in the schema as a 5, a simple original 
programs a sequence of commands with purpose, a 6, a more complicated 
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original program, or a 7, an advanced original program. The programs 

i 

\ 

written by students at this level displayed a greater sophistication 
with evidence of planning. Non-high level programmers were students 
whose original program was classified belcw five within the schema, 

i * 

thus anyone who was not categorized as a high level programmer. 

It was expected that these tvo groups, high level programmers and 
non-high level programmers, would differ with respect to the amount of 
learning-materials completed. Table 4 shows the frequencies with which 

the high level programmers and the non-high level programmers ccrtpleted 

. «•> 

their learning materials. 


Table 4 


Hiqh /£evel PB^grams 

0 

r 


- 

Programing 

Scores According to Schema 

Sections Carpleted 

7, 6, 

5 

4, 3, 2, 1 

1.1-1.3 

15 

- 

• 33 

2.1-3.2 

7 


3 


The z 1 test for two independent samples was used to determine the 
significance of differences between the groups in this category. Since 

it was expected that students who -completed more sections in their 
learning materials would be, in fact, better programmers, the signifi¬ 
cance level was halved and a one-tail ^test was used. For the data 


ed anc 


% 



in Table 4, the value of fO" is, 3.76 which is significant at, the 0.05 
level. There is a significant learning materials completion difference 
among students who wrote high level programs. That is, children who 
wrote high level programs shewed a greater frequency of completing more 


sections in their learning materials, or that those children who com¬ 
pleted mere sections in their learning materials were more likely to 

i 

write high level programs. 

It was also anticipated that high level programmers when compared 
to non-high level programmers would score higher, that is more posi¬ 
tively, on the motivational scale of the attitude survey.* Table 5 
shows the frequencies with which the high level programmers and non- 
high level programmers are categorized by their motivational scores. 


Table 5 

Motivation' to Begin or Continue Work on a Caiputer Among 
High Level Programmers 

Programming Scores According to Schema 

» ' 

Motivation Scores 7,6,5 4,3,2,1 

9-16 1 10 

17-24 21 26 


The 2f*test for two independent sartples was used. Since it was 
expected that students who were more motivated to begin or continue 
work on the .computer would be, in fact, better programmers, the signi- 




ficance level was halved and a one-tail test was used. For the data in 

s 

Table 5, the value of % x is 3.40 which is significant at the 0.05 
level. Although in general there were no lew motivational scores, 

there was a significant motivational difference in the children who 1 

y % 

wrote high level programs. That is, children who wrote high level 
programs showed a greater frequency of high level motivation to begin 
or continue working on the carpi ter, as conpared to middle-level 
motivation, than children who did not write high level programs. 

There was a noticeable difference in the level of programming 
ability in one of the third grade classrooms# Class Cl Table 6 shows 
the distribution of high, middle, and low level programs in all four 
classrooms. " ~ 


Table 6 

Programing Levels Among Class Groups 


Class 

Programming Scores According to Schema 

7, 6, ‘ 

5 

4, 3 2, 1 

A 

5 


4 5 

B 

5 


5 5 

C 

8 

* 

5 1 

D 

4 


7 4 


As can be seen from Table 6, Class C had more children with high-level 
programming scores and fewer children with low-level scores than any 
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other class in the study. The teacher in this class enjoyed the 

i 

challenge of learning to program in PILOT herself and spent many extra 

hours working on' her own projects. She also wanted to help those 

children who seemed reluctant to use the computer feel comfortable with 

the machine and programming. She would often plan a time to work..with 

someone on the computer who needed a little encouragement^ TfiuTextiitv. 

attention in the beginning seemed to help give many of the children 
• * 

that needed confidence to work cn their own. 

Students who wrote high level programs were compared to students 
who wrote non-high level.programs in relation to sex; other attitudes 
measured by the Attitude Survey; specifically, editing, self- 
confidence, accepting aid, tim£ spent working with computers, and 
writing programs; and grade level. There were no significant differ¬ 
ences in any of these categories for those two groupsv 

Students who wrote low level programs, a one or two in the Classi- 

*• 

ficaticn Schema, were compared to students who wrote non-lew level 
programs. There were no significant differences in any category 
explored,, namely amount of materials completed, sex, and attitudes 
measured in the Attitude Survey. The same was found in the sex dif¬ 
ference category; that no significant differences were found in any 
category explored in relationship to sex differences. 

The third grade students in the study sanple were given a stan¬ 
dardized reading and mathematics test (New York State Elementary School 

Test - Grade 3 - Form R) as a state requirement. There were no signi- 

» ■ < 

ficant difference in the mathematics scores of high level programmers 
and non-high level programmers or of lew level programmers and non-lew 
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level programmers. The standardized reading scores of the third 
graders allows for the division of students into subgroups based on 
their placement within the group. Students who scored in the top two- 
thirds of the reading scores were canpared to those scoring in the 
bottan third of the scores. These two groups were shown to differ with 
the respect to the level of programming ability, that is, those who 
wrote high level programs and those who wrote non-high level programs. 
Table 7 shows the frequencies with which the students who scored in the 
top two-thirds of the reading scores and those who scpred in the bottccn 
third of the reading scores are categorized by the level of programming 
ability. k 


Table 7 

Reading Scores on New York State Elementary Reading Test 
Among Third Graders Writing High Level Programs — 



Prog ramming Scores According to Schema 

Reading Scores 

7, 6> 5 

4, 3, 2, 1 

29-53 

11 . 

f 

8 / • 

* / 

9-28 

' 1 

/ 

9 ; 


The Z 2 test for two independent samples was used. For the data in 

Table 7, the value of 2T l is 4.38 which is significant at the 0.05 
level. There is a significant reading test score difference among the 
third grade children who wrote high level programs and those who wrote 
ncn-high level programs. That is, children who wrote high level pro- 
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grains showed a greater frequency of high or middle level reading scores 
♦ 

on a standardized reding-test than children who did not write high 

level programs. The third graders who scored in the top two-thirds of 

these reading scores were more likely to write high level computer 

> 

programs than children who scored in the bottom third of these reading 
scores. 

Vfriile every attempt was made to keep the reading level of the 
learning materials lew by using a limited vocabulary, children still 

needed to be able to read to work comfortably with the materials. All 

. t • \ 

• information was not transferred by reading, but a struggle with the 

# 

• ' 0 

reading may have been discouraging to some children. 

For the last four weeks of’ the field trial, there was a group of 
16 children who attended a computer afterschool program for an hour and 
a half each week. Many different computer activities were available 
during that period, including PILOT. Each of the 16 worked some of the 
time programming in PIDDT so that on average they accumulated 
fourteen hours of PILOT computer experiences by the end gf the field 
trial compared to twelve hours for the other students in the sample. 

■ * 1 i 

The participants in the afterschool program did not use their learning 
materials during that time but were able to write programs with occa¬ 
sional input from the computer afterschool instructor. Table 8 shows 
the frequencies with which afterschool computer participants and non- ... 
participants are categorized by the level of programming ability. 



Table 8 


Afterschool Computer Program Participants Programming 


Ability 

• 




Programming Scores According to Schema 

Groups 

7, 6 , 5 

4, 3, 2, 1 

Afterschool 



Participants 

11 

5 

Non- 

Participants 

11 

31 


( 



The X 1 test for two independent sairples was used. For the data in 
Table 8 the %} value is 7.20 which is significant at the 0.01 level. 
There is a significant programming ability difference in children who 
attended the computer afterschool program. That is, children who 
participated in the computer afterschool program showed~a greater 
*' frequency in the ability to.wpite high level programs. 

From teacher records and observations, children seemed to develop 


a greater sense of confidence in their ability to work with the compu¬ 
ter and the materials. For most this came with the passage of time, 

* 

somewhere after the first four weeks of the field trial. By the end of 
the field trial, most children had developed this sense of confidence 

ard many were able to incorporate much of what was new into their 
programming knowledge more readily. The afterschool program occurred 
at a tine when the ability to do this was high. An additional exposure 




to PIIOT at a tine of increased confidence, seems to provide children 
with the ability to use, experiment with, and understand more caimands 

t 

and structures as reflected in their ability to write higher level 
programs. . 

. '•t 

Other Observations 

According to the Questionnaire for Parents on Computers in the 
Hone distributed in September 1982, it was shewn that five families in 
the study sample had computers. Of those five, three had Atari compu¬ 
ters but did not have the PILOT language cartridge. Midway through the 
study, one other family purchased an Atari computer. By December, 
three families had Atari PIIOT available in the heme. . 

The three boys who had increased accessibility to PIIOT had a 
great advantage over the other children. One.boy, whose father took an 
interest in PIIOT and often worked with him, knew much more than the 
other children. A problem arose in this boy's third grade class, when 
he, joined by a few of his classmates, flaunted his expertise. Other 
children were very much intimidated by this and were refusing their 

« • t 

a 

time on the computer. A class meeting was held in which all children 
were able to voice their concerns and to realize that they had to 
accept where they were in their cwn PIIOT work as well as respect the' 
work and attempts of their classmates. The situation improved; seldcm 
did anyone refuse to work on the computer again in this class. 

Most students were not used to" working in workbooks except in 
reading. The format of the learning materials varied fran these more 
traditional workbooks in that the presentation of material was 
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continuous rather than being a series of related, but discrete exer¬ 
cises. Many of the initial difficulties with working in the materials 
seemed to be connected with this new form of written material. After 
sore time, the length of'which depended on the individual, the child 
came to see that he/she could be independent in the use of these 
materials? that with this booklet and seme reading and exploring, 
he/she understood much about programming. 

While the materials provided children with the vehicle for 
learning to program, it was found through interaction with the children 

and suggestions from the teachers, that certain revisions in the 

* . * . -•> 
materials would improve .both the content and style. Often the children 

were watching .the keyboard and missed what had happened very quickly cn 

the screen. For this reason, children need to be alerted through the 

materials when there was something very important about to happen on 

the screen that needs their undivided attention. Some symbol or 

phrase, such as "Watch Carefully” needs to be added in those places. 

It was found at the end of the first section that more exercises to 

v, ... 

provide practice with the carniands f movement of the turtle f and sequen- 

tiality would have been helpful. Adding color earlier vwuld give the 

children opportunities for experimenting with order as they might want 

to make the triangle red and would have to decide when the turtle 

needed to pick up his red pen and when he needed to draw the. triangle. 

Explorations are especially fruitful; more should have been provided 

within the materials, especially in the beginning. The materials have 
been revised with these ideasin mind. A copy may be obtained from the 

author of this paper. 



Programing in PI IDT provided the children with experiences in 
decision-making, cooperation, and problem solving. Cooperation was 
often necessary when .two children shared one computer. Children often 
solved cne problem by use of a related one or through mathematical 
relationships seen or explored, as in the polygon microworld exercises. 
Children used their body or their ability to form mental images to 
''solve a turtle geometry problem. Adding and deleting lines in a 
program gave the childrens sense of order within a program, extending 
their known idea of sequentiality in other areas to programming. 

One drawback in the use of PILOT was the absence of-a visible 
turtle. In order to see how much the "turtle" had turned, the child 

<r 

needed to draw a line immediately after the turn. In the Logo 
programming language, the turtle is visible and turns when directed to 
do so in the direction and quantity asked for. 
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Chapter VI . j L, ' 

SUMMARY AND RECOMMENDATIONS 

•„ * • 

• . 

' " Sunmary * 

The learning materials for the study reported here were developed 
as a vehicle through which second and third graders could learn the 

■ m 

turtle graphics computer language Atari PILOT in both a laboratory 
setting where expert assistance was available and in a classroom 
setting where limited assistance was available. The sUiSy was designed 

iy 

to look at the self-pacing/individualizing capabilities of the learning 
materials. An attempt was made to keep the reading level lew; impor¬ 
tant programming commands, structures, and/or ideas were presented 
whenever possible by computer observation, illustrations, screen 
displays, and simple phrases and sentences. While children would all 
follow the same sequence of activities in their learning materials, 
individual explorations would be encouraged. 

The materials were designed to be written in by the user.. In 

> ' 

contrast to the format of a workbook, the presentation of material was 

continuous rather than a series of discrete exercises, with knowledge 

\j-p- 

and understanding building on that of the previous activities. Obser- 

% 

vat ions were to be made and recorded, questions answered, and programs 

completed, edited, or modified. It was intended that the materials 

would provide a wa/ of introducing the programming language PIIDT to 
the students so that they would use the information obtained-.in this 

way to explore independently of the materials. In this way the 



materials would provide a model for programing • 


Instrurrents were developed to help evaluate the research questions 
of the study which explored the achievement level, extent of self¬ 
pacing achieved, and assistance given in the use of the learning 
materials? the level of programming ability at the conclusion of the 


field trial; student attitudes; and the extent.to which programming 
ability was affected by other factors. Instruments include tests, 
information recording forms, a program classification schema, and an 
attitude surve^r>aii instruments but the standardized reading and 
mathenatics^scores were developed specifically for this study. 

The field trial site was a New York City private school with a 


student population from a variety of academic levels? the entire second 
and third.grade "classes used the materials over a twelve week period. 
Prior to the field trial, teachers worked cut scheduling problems to 


assure for equal access to the computers in their classrooms; some 
preprograming work was done with both the teachers and the children. 
The learning materials were introduced in the laboratory setting; 
subsequent PILOT programing activities were done during both the 
students' weekly laboratory period and class time. It was expected 

that students work in their materials and/or explore. Multiple-choice 

\ 

Computer and Programing Tests were administered upon completion of 

♦ 

Part I, II, and III. Records were kept by teachers and the laboratory 
instructor on assistance given, completion of tests and materials, and 
problems. During the final week of the field trial, each child was 
asked to write a program of his/her own under supervision in the 
laboratory? the Attitude Survey was administered. A self-selected 
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group of children participated in a computer afterschool program for an 
•additional two hours of PILOT programing experience near the end of 
the field trial period. 

Findings 

Children were able to learn the programing language, Atari PILOT, 

# 

using the ^elf-paced learning materials designed for that purpose. 

While assistance of many kinds was needed throughout the students' work 
in the materials, the group was able to use the materials fairly inde¬ 
pendently by the fourth week of the study to learn about, and better, 
understand PILOT comands and structures. By the end of the twelve 
weeks of the field trial, all of the children (58/58) had completed the 
first two sections of the materials, 47% (28/58). the third section, 17% 
(10/58) the fourth section, 5% (3/58) the fifth section and 3% (2/58) 
the sixth and seventh section, indicating that to a rather high extent, 
self-pacing was realized in the use of these learning materials. 

In general, children who ccxipleted more than two sections in the 
learning materials completed them more accurately. Incorrect answers 
in the first two sections were often just blanks, many of those asking 
the child to draw conclusions based on computer observations. The 
items left blank were often those that involved writing down more than 
one. wor$ or number, and fran observation, may well be the reason why 
those' items were left blank. A few children also exhibited seme 
difficulty in editing a program to achieve a given effect. This may be 
due, in part, to the general negative attitude towards editing a 
program.as shown in the Attitude Survey. Class differences in carple- 
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tion of materials were significant. All students who took Multiple 
choice Computer Ttests and Programming Tests, designed to check on the 
understandings in each part of the learning materials, were able to do 
so at the mastery level or better.. 

Children did need assistance when vrerking on the materials as 
documented through teacher observation forms and anecdotal records of 
laboratory observations. There was a greater dependence on others in. 
the beginning of the field trial. As students’ confidence in their 
ability to control the computer, write programs, and work through the 
materials grew, less assistance was needed. The kind of assistance 
also changed. Many children came to rely more on their peers where 
that was allowed. Teachers and others were giving help in program 
writing, editing, and problem solving nore than in computer related 
and/or reading areas. While it was intended that the materials be used 
independently, assistance was not withheld; in fact, often questions 
were asked of the students to help them better understand sane idea or 
move away from their materials, upon which some children had become 
dependent, to explore what they had taken in thus far. 

In writing sample programs at the end of the field trial, it was . 
evident that while all children could write computer programs, the 
range of programming abilities was quite extensive. The sample 
programs were rated according to the level of sophistication based on 
the Classification Schema developed fori that purpose, ranging from a 
simple copied program to a program with looping and counting structures 
built in. Fifteen children wrote low-level programs, sequences of 
.random commands or ones copied frcm another source. These children had 



sane ability to use cctnnands, but showed no evidence of editing or a 

sense of order. Twenty-one students wrote middle level programs,/ 

explorations with attempts to use ccnmands and structures. While there 

is evidence of editing abilities/ there is an absence of planning in 

the explorations. Twenty-two students wrote high level programs, 

planned original programs often including a more spphisticated 

structure. There is evidence of planning and some understanding of the 

structures used. The three levels of programing, among which the 

sample was alnost equally divided, may be given as imitative, 

exploratory, and planned. • , 

The three levels of programming seen are similar to those defined 

by Solanon (1982) in the Brookline Project and Howe (1980) in the 

Edinburgh Project in working with children during their*first year of 

learning to program. The study presented here defines programming 

ability by the programs written. At the low level, imitative, there is 

little evidence of planning or^ editing. Howe sees this first stage, 

through programs written, as product-oriented, drawings being produced 

* • 

without much cdre given to the process. Solanon, in looking at the 
* 

style of the learner, gives the first stage as microexplorer, the 

r* 

learner needing time to explore small segments of the language. • Snail 
explorations, often imitative in nature, are. cannon elements of this 
level of programming in the studies mentioned. At the middle level in 
this study, explorations are still evident but now are seen coupled 

with the ability to edit programs to achieve certain effects with no 
evidence of planning. Hcwe sees this stage as style conscious where 
changes are made based on what the learner perceives as being good 



form? the absence of planning is seen. Solomon describes this middle 
* 

level programmer as the njacro-explorer, one who experiments to achieve 
a final product without beginning with a set plan. Greater explor¬ 
ations without initial planning is the campon element in this level of 
' programming for the three studies. The high level program, as detailed 

h 

in the Study reported here, is one which shows evidence of planning and 
the understanding of some structures. Hcwe describes this stage as the 
problem solving stage,- one in which-the programmer uses available 

resources to solve the problem at hand. Solomon calls the programmer 

« ■* 

\ 

at this stage the planner. The presence of planning and the attempt to 
follow, through on a plan are carmen elements in programing at this 
level in the three studies mentioned. Similar levels of programing or 
programmer style were seen in the three studies despite the fact that 
the Howe and Solomon studies dealt with programing in Logo and this 
study dealt with programing in PILDT. 

It has been found in this study that at a significant level, high 
level programmers completed more of their learning materials than non- 
high level programmers. That is, students who complete more of the 
learning materials are more likely to write a high level program or, 
high level programmers are more likely to have completed more of their 
learning materials. While all students were found to be highly moti¬ 
vated to begin or continue work on the computer, students who wrote 
high level programs have been found to be more highly motivated at a 

• ■ V 

significant level. Noticeable tut not significant differences were 
found in the programing levels of one class. This particular class 
had fewer students who wrote low level programs and a greater number of 
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children who wrote higher level programs than any of the other three 
classes. It was felt that the high degree of assistance given to those 
students by their teacher in the beginning stages of their work in the 
materials may well account for the difference. , 

The level of programming ability was significantly affected by 
factors that influenced equal accessibility. The twa children whose 
programs were rated seven in the Classification Schema were two of 
three children who had Atari PILOT available at heme. These children 
consequently spent more than twelve hours of time at the computer 
programing in PILOT. There was a significant difference in the 
ability to write ,high level programs in favor of the participants in an 
afterschool computer program as compared to non-participants. The 
difference may be due to having additional PILOT computer experiences 
at a tine when nest children had grown to a point>in their computer and 
programing confidence where much more information was able to be 

* • -V/- 

assimilated. The availability of an expert during those extra hours 
spent working on the computer in PILOT may also have contributed to the 
high level of programming ability. These students did not show a 
statistically significant motivational difference when compared to 
those children who did not attend the computer afterschool program 
although none of the afterschool participants scored less than 17 on 
the motivation scale in the Attitude Survey as compared to 15 of the 
non-participants in that category. 

H* x 

Individual teachers were found to have an effect on the amount of 
learning materials completed. At a significant level, one second grade 
class completed less of their learning materials than the other three 



classes as well as the other second grade. The teacher in the low- 
materials completion class was very apprehensive about the ccnputer in 
general and felt that, as a new teacher, she had to give most of her 

t 

tine and energy to dealing with other areas of the curriculum. The 
other second grade teacher had a great deal of personal interest in the 
computer and gave much of his energy to understanding PILOT and working 
with and helping his children in their understanding. Teacher~cliffer- 
ences in computer interest and amount of time willing to devote to 
computers seemed to be a factor in determining the amount of learning 
materials conpleted at the second grade level. 

Third graders scoring in the top two-thirds of the scores in a 
standardized reading test were shewn to differ significantly from those 

students scoring in the bottom third of the scores in their ability to 

* 

write high level programs. That is, children scoring in the top two- 
thirds oh the reading test were more likely to write high level 
programs. While attenpts were made to keep the reading level, lew in 
the learning materials, it remains that reading was still necessary in 
order to complete the materials. This may account for the differences • 
in reading ability and programming ability since it has already been 

shown that amount of learning rraterials completed significantly effects 

\ 

the degree of programing abil^Jy. 

Students attitudes towards their work with computers were measured 
by the Attitude Survey created for that purpose. As a 3*oup, students 
exhibited positive attitudes in.all areas measured except editing a 
program. Most of the children felt extremely positive about their time 
spent working with computers and writing a program. Most children 
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felt very motivated to begin or continue work on the ccmputer and very 
accepting of aid from another person. Children were, for the most 
part, self-confident jabout their work with canputers at a moderate 

* ■ i 

level. Most children showed a negative attitude towards editing a 
program. Motivation to begin or continue work oru.the computer was 
shown to be significantly related to the level of programming ability 
as displayed on the sample programs. That is, those students showing a 
higher level of motivation were more likely to write high level 
programs. No other correlations between attitudes or attitudes and 
other factors were seen.. 

•»« 

Implications 'for teaming 

S' * 

The learning materials created for this study enabled children to 

/ 

learn the programing language Atari PILOT at their own pace with 
periodic assistance as needed, in an environment that included one hour 
of computer use each week, and interaction with a laboratory instruc¬ 
tor, teachers, and peers. The materials were designed to provide 
children with an entry into programming experiences, not as a total 
program to be rigidly adhered to. Programming can be learned in the 

classroom with material^ of this sort with a realization that other 

..... ^ 

. < 

elements-may be'crucial in the learning of programming. Assistance is 
especially crucial in the beginning of the students' work with program¬ 
ming to help the child feel-secure in his/her ability to work with the 

computer and programming. The expertise offered, in this case by a 
computer laboratory instructor, may be essential to the success of such 

a program built around a particular set of materials. 
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While many program types ware seen in the sample programs written 
by the children at the conclusion of the field trial, nuch can be 
learned about programning ability by observation, too. Program types 
were based on evaluation of the children’s sanple programs according to 
the Classification Scteira developed for that purpose. The observation 

A 

of the children during programning yielded sane insights into their 
programning ability that could not have been seen by the examination of 
a classification score alone. It was obvious, in one case, that a 
child made a change in his program that lowered his final evaluation of 
his program. It was also seen that children were using commands and 
structures that they had learned through interaction with other 
children. Observation provides us with greater insight into students' 
programning thoughts, development, understandings,.and misunder¬ 
standings, that is not possible through a program sample or the 
classification of it. Classroom and laboratory observations written 

a 

down made teachers especially aware of difficulties in learning to 
program. 

■ •. • v 

Completion of learning materials, motivational attitudes, and 

* 

degree of assistance in the beginning of their.work in the materials 
were shown to effect the programning ability as exhibited in the sanple 
programs. The more materials,completed by a student, the higher the 
motivation to begin or continue work on the computer, and the more help 
received during the computer "reluctance" period, the greater the 
possibility that the student would write a higher level program. 
Interaction at times when something new is introduced, especially 
noticeable at the beginning of the work on the learning materials when 




everything was new, seems to establish a sense of confidence in one s 
ability to make things happen at the canputer. 

As a group, students exhibited positive attitudes towards their 
work with computers except in the area of editing a program. Editing 
is done, in one instance, to correct some mistake in the program. A 
mistake needs to be viewed as a challenge so that working critically to 
make changes becomes a greater and more rewarding part of the child s 
learning experiences. x 

According to the standardized reading scores of third graders, the 
children who scored in the upper two-thirds of all scores were more 
likely to have written higher level programs. In order that reading 
ability not be a determining factor in the completion and understanding 
of materials, much attention must be given to keeping the reading level 
,lpw f It may be the case that achieveinent levelslevel of 
programming ability due to some underlyi)^cognitive abilities, but 
that is not shewn in this study. It can only be stated that the 
aforementioned difference was noted and that it was, in fact, necessary 
for children to be able to read to make full use of the materials. 

Equal access seems to hold special significance in programing 
ability. All students were to have had approximately.twelve heurs of 
computer use during the field trial. The availability of PILOT in . 
three hares and in the canputer afterschool program increased the 

amount''of canputer time by two hours for 17 of the 58 students in the 

■ *" » • • 

study. The result of this disruption of the equal-access situation is 
significant and especially worthy of note. There was a significant 
difference in the ability to write high level programs in favor of the 
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participants in the afterschool program. Most all children at this 
tine in the study had grown significantly in their confidence to 
produce some interesting programs on the.computer. When motivation and 
confidence levels are high, amount of learning may also be high. Two 

issues are seen here: equal access to computers and providing learning 

* ■. 

opportunities at a critical time for maximum learning. Both issues may 
, be crucial to the amount of programming learned. 

Implications for the 'Classroom 

Teacher observations in this study were made to note interactions 
of the students with the learning materials. These classroom and 
laboratory observations were also helpful in studying hew children 
leairn sate thing new. Teachers were forced to look at their interac- 
tions with children, trying to ascertain when to offer assistance, when 
to ask a question, and when to send them back to their own resources. 

' Learning to program may be analagous to writing a creative story, with 
the need for teacher intervention at appropriate times. Observation 
provided the teacher with seme informatier on individual understandings 
and misunderstandings; what the child knew.^ 

working with children on their programing work and/or materials 
at certain times in order to give them the needed confidence to work on 

their*- own has been shown to effect the level of their programming 

s * 

ability. Thi^s is especially crucial in the beginning of their work, 

" when the confidence level is low due to the newness of the computer, 
programming and the materials. 

Individual teachers affected the quantity and quality of work 
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completed in the learning materials. Assistance given to children 
having difficulty at crucial times helped children couplets moire of 
their learning materials. In one class, where the amount of materials 
completed was significantly less than in all other classes, the number 
of incorrect responses was also higher. The teacher in this class felt 
apprehensive about her ability to work with the computer, and that her 
tine should be.spent in other, ‘more important areas. It may be crucial 
for the classroan teacher to have a certain ccrtnitment to programming 
in order to be assured that her students will grow in their under¬ 
standing, especially when there is no other contact with computers 
and/or programming. Such was not the case here, since the children 
also received one thirty minute session per week in the computer 
laboratory. 

These materials and materials of this type need to be viewed as a 
, • 

springboard into programing. They provide children with ah 
introduction to programming and a form of expertise in the absence of a 
progranming-knowledgeable teacher. It is expected that children 
venture forth from these materials since the exploration of commands'' 
and structures in a programming language will provide a clearer 
understanding of the power of those aspects}'of the language. The same 
rationale was a part of the Brookline Project. Watt (1982) found that 
the presence of the expert was indeed criticalr.and that when this 
element was to be absent from the project the second year of their 

study, materials were developed that would attempt'to replace the 
expert and help children learn programing in a classroom setting with 
teachers just beginning their cwn wark with Logo. These materials were 



also designed to provide the children with an entry into programming; 
leaving the materials to work on projects of one's own choosing was 
expected. 

i * 

t 

Equal computer access seems especially important. Those who 
participated in the afterschool computer program had approximately two 
extra hours of computer time, rating higher in their programing 
ability. Their work with PIDDT during those extra hcurs may have been 
enhanced by the presence of an expert. A great effort was made to 
provide for equal access in each classroom so that all would be assured 
a tiire on the computer without pressure to give up one's time. The. 

afterschool computer program seems to provide support to the importance 

a 

of that issue. 

Recommendations 

The equal access/unequal access question raised here suggests the 

O 

need for further research. The level of programing ability was 
significantly affected by the amount of access to PILOT in favor of the 
group with the greatest amount of time spent on the computers 

•i 

(approximately 14 hours as compared to 12 hairs). It should be 

determined whether greater accessibility influences programing ability 
. \ 
as 'vrell as the conditions necessary for this to occur. For example, 

it should be determined whether the presence of an expert during the 

i 

time of increased computer use is a necessary factor for the imbalance 
of programing ability bo occur. The motivational factor and its 
influence on programming ability and greater computer access should be 
studied. It was speculated that the differences in programing ability 



due to greater computer access was a result of having additional 
computer experiences at a time when most children had grown to a point 
in their computer programming confidence where much more information 
was able to be assimilated. This hypothesis is worthy of further 
study. Perhaps greater access at any time during the programming 

t 

period would have yielded the same results. Providing that extra 

access at the beginning of the- w$rk in a programming language may 

•« • 

supply some interesting information for study. 

Vfriile looking at the categories of the programs that children . 

write may be helpful in studying the levels of programing , finding 

effective ways of assisting the child in his/her move to being a more 

« 

effective programrer and thus capable of writing higher level programs 
may be worthy of study. Finding the component skills of programming 
may lend mere insight into this search. More information on prere¬ 
quisite skills needed to move from one level of programming ability to 
another may assist in a study of these levels. 
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Programming in PILOT 

1. When you see words and numbers printed like this, read them. 

Type this into the computer. 

• Run the program. 

% 

I, Change line 30.. 

i . * 

2. When you see words and. numbers printed like this, type them. 

10 GR:DRAW 15 
RUN 

GR:CLEAR 

* 

. . V 

3. Press the return, key after every line you type. 


RUN (RETURN) 

60 6R:TURN 120 (return 

4. Follow these steps to get the computer readyr 


1. Put in the PILOT cartridge 



ATARI MOO 



aTARi ?oo 



2. Turn on the computer. 


/7 - 


c 

II 


3. Turn on the television 


1 1 c ! 






Section Is Some turtle graphics commands 



Type this into the computer. 

10 GR:DRAW 15 
20 GR:TURN 120 
30 GR:DRAW 15 
40 GR;TURN 120 
50 GR:DRAW 15 
60 GR:TURN 120 





What happened? 




Page 2 























60 GRiTURN 120 


List the program. 



Type that line again into the computer 


Page 


Take out another line from the program. 
Which line did you take out? _ 



Draw a picture of the run. 


•'•v 


■r ■ 


GRiQUIT 


LIST 


t 


J Fix your program so that it has all the line numbers again 


Does it look like this? 


10 GRiDRAW 15 
20 GRiTURN 120 
30 GR:DRAW 15 
40 GRiTURN 120' 
50 GRiDRAW 15 
60 GRiTURN 120 


r' 


i .v 









Section 2: Editing - Making changes in programs 



and hold down. 


10 GR:DRAW 15 
20 GR:TURN 120 
30 GRjDRAW 15 
40 GRsTURN 120 
50 GRjDRAW 15 
^0 GRjTURN 120 

READY 


Press 




The cursor moves, up one line. 


LIST 

10 GRjDRAW 15 
20 GRjTURN 120 
30 GRjDRAW 15 
40 GRjTURN 120 
50 GRjDRAW 15 
60 GRjTURN 120 


{j^EJADY 


Move the cursor again. 


Move the cursor until it is like this. 00, 

> .T 

Move the cursor this way until it is like this. (35 






Press (I) (RETURN) 

What has changed 



Press (RETURN) 



Now change line 30 to 


30 GRiDRAW 25 (return 

Press (RETURN) (RETURN) (RETURN) 


Does your computer screen look like the one below? 


[ 


LIST 
10 GR: 
20 GR: 
30 GR: 
40 GR: 
’50 GR: 
60 GR 
□ 

READY 


DRAW 25 
TURN 120 
DRAW 25 
TURN 120 
DRAW 15 
:TURN 120 


Type this line. 


50 GRiDRAW 25 
LIST 

What happened to line 50? 


Think! 



What happened? 











Exercises 


1X6 


List the program. 

It should now look like this. 

10 GR:DRAW 25 
20 GR:TURN 120 
30 GR:DRAW 25 
40 GR:TURN 120 
50 GR:DRAW 25 
60 GR:TURN 120 


1. Make the triangle bigger. 


LIST 

.. & 


RUN 


2. Make the triangle smaller 


LIST 


RUN 




Change the program in any way you want, 
Here is one done for you. 


LIST 

10 GR:DRAW 40 
20 GR:TURN 120 
30 GR:DRAW 15 
40 GRiTURN 120 
50 GR:DRAW 15 
60 GRjTURN 120 


RUN 


Now you make a change in the program. 


LIST 


RUN 
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Section 3: More commands 




AUTO 


10 GR:DRAW 35 


GRiQUIT 


Think' 


What happened to your program? 


list 

I0 6R:DR^W 35 


LIST 

READY 


.. / 


The NEW command erases the program from'the computer's memory. 
The computer is th en ready for a new program. 
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120 

This program 

10 GR:3(DRAW 15;TURN 120) 

t * 

draws the same picture as this program. 

10 GR:DRAW 15 
20 GR;TURN 120 
30 GRjDRAW 15 
40 GR;TURN 120 
50 GRjDRAW 15 
60 GR:TURN 120 



Do not type GR:QUIT. ■’ 



Move the cursor to the 05 in line 10. 
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Exercises 
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In these exercises you will make some interesting programs. 


This program makes a triangle. (3 sides) 

10 GR:3(DRAW 15;TURN 120) 


1. Change this program to make a pentagon. (5 sides) 

The 3 should be changed to a _. 

Make that change in your program. 

The TURN 120 should be changed to TURN _ 

Try a number you think is right. 



Do you need a larger number or a smaller number now? 
.Keep trying until you find the right number. 

LIST RUN 

10 GR: 


2. Write .a program that makes a square. (4 sides) 

LIST RUN 
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Write a program for a hexagon. {6 sides) 


LIST 


RUN 


Write a program for an octagon. (8 sides) 


LIST RUN 


Write a program for a nonagon. (9 sides) 

* 

* 

LIST RUN 


Write a program for a decagon. (10 sides) 

•»*, 

LIST RUN 
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More MAGIC? 

Turn a triangle 

10 GR:3(DRAW 15/TURN 120) 
into a star. 

10 GR:5(DRAW 15?TURN 144) 



Type this program. 

10 GR:5CDRAW 15;TURN INA) 

• 


w 

RUN 



Now let's make more interesting stars. 

* 

A 7-pointed star 

* 

10 GR:7(DRAW 15?TURN 154) 

■ 1 % 

* 


Type this program. 

10. GR:7(DRAW 15;TURN 154) 

- 

*• 
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More exercises 


7. Make a 9-pointed star 


LIST 


RUN 


8. Make a 13-pointed star 


LIST 


RUN 


9. Make a 15-pointed star. 


LIST 


RUN 


10. Make a 59-pointed star 


LIST 


RUN 
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11. Fill-in the missing parts of each program. 

LIST RUN 

• * 

10 GR:3(DRAW 15?TURN _) 

20 _: 4 (_ 15?__) 

30 GR:TURN 180 ~ 

40 :_ 30 

» 

Now run the program. 

12. LIST . RUN 



10 GR: 5 (_?_) 

20 _:TURN _ 

30 _ 

Run the program. 

13. Make a program to draw a house. 

LIST 



Pacre 1 R 
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14. 


Now you may make any program that you would like. You can 
use anything that you know about in the PILOT language. 

LIST RUN 


» 

Use.as many lines as you need. You can even use more lines. 
Use the next page as a workspace. 


i 


»» 
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Workspace 
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1. Turn on empty disk drive., 


2. Wait until the busy light goes out, 


ATARI 810 DISK DRIVE 


3. Hold the disk on the label, with the label facing up. 


4. Put disk in drive until you hear a click. Close door, 


5. Turn on the television. 


6. Turn on the computer. 


7. Wait for the READY on the television screen. 
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Using the Cassette Recorder 


] 
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Section 1: Attaching the recorder 


CARTRIDCI 



CART! LOG! 


ATARI* 400‘“ 



ATARI* >00'“ 



i y 1. Attach the recorder 

4 to the computer. 


2« Plug in the cord. 


Section 2: Loading the cassette recorder 



.J.. Insert the cassette. 

2. Press REWIND. 

* 

3. When the tape stops, press STOP . 

4. Set the counter to 000.. 
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Programming in PILOT: Part 2 


Section 1: Loading a program from a disk 

* *■***'', 

1. Attach and load the disk drive. 

a 

2. Type LOADD: and the name of the program-. 


LOADD:TRISTAR (return) 

Do you see READY on the screen? 


Section 2: Loading a program from a cassette 
1. Attach and load the cassette recorder. 


2. Find the beginning number of your program by pressing the 
ADVANCE key and the STOP key. 


3. Turn on the television and the computer. 

4. Type LOADC: . Press RETURN on the computer. It will beep. 

4 • 

5. Press the PLAY key on the recorder. Then press RETURN on 
the computer. ^ 

LOADC; - (return) 

Press PLAY. . Press (RETURN) . 

Do you see READY on the screen? 
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Section 3: 


More programming commands 
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PA: 


6R:CLEAR 



GR:PENBLUE 










means 

pausj 

GR:PENRED 


GRiPENYELLOW 



r* 
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PA: 60 is a 
one second 
pause. 


PA: means PAUSE 



Change line 20 to 


20 PA:300 


Change line 50 to 


Change the program so that you see the triangle for a short time 
and the star for a long time. 


LIST 


10 GR: 3 (DRAW .15; TURN 12Q) 


20 PA: 


30 GR:CLEAR 

40 GR:5(DRAW 15?TURN 144) 


50 PA: 


60 GR:CLEAR 
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Change lines 20 and 50 to PA:60 

t* 

30 
RUN 

. . ^Thinkl} 

What happened when you took out line 30? 


List the program. 

Take out another line so that both the ^ and the stay on the 
screen. 

What line? . 

RUN ' 

. ** x , « • ■ 

__ • .-_____ 

Type lines) 30 and 60 again so that your program looks like this. 

10 GR:3(DRAW 15;TURN 120) 

20 PA:60 
30 GR:CLEAR v 

40 GR: 5 (DRAW .15;TURN 144). 

# • 

50 PA: 60 
60 GR:CLEAR 


Add a line so that idle 

0 

is red. 

- 

_GRiPENRED ' 



- 

Add a line so that the 

★ 

is blue. 

* 

_GRiPENBLUE 


• 
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Now, for more exciting programs. 
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Write a program of your own. 

Use any of these commands or any other command you know. 


GRi TURN . 

PA 1 

GRiPENRED 

GRiPENYELLOW 

GRjDRAW _ 

GR 1 CLEAR 

GRiPENBLUE 

► 



LIST 

• 

RUN 




i 



Page 29 _ 


NEW 


Load TRISTAR into the 'computer 

LIST 

Add these lines. 

5 ‘LOOP 
70 J:*L00P 

RUN 

It won’t stop. Press (BR-EAK~) 

* 

* 

Run the program again. 

Stop the program again. 


J; jumps to a label 



30 









List the program 


138 


Let 


1 s read the program like the computer does. 


,5 *LOOP’ 

10 GR:3(DRAW 15;TURN 120) 
20 PA; 60 
30 GR:CLEAR 

40 GR:5(DRAW 15;TURN 144) 
50 PA:60 
60 GR:CLEAR 
■70 J:*LQOP 


A label for the part.that follows 

Draw a triangle 

Wait one second 

Clear the screen 

Draw a star 

Wait one second 

Clear the screen 

Jump to the label 


And then it ?tarts ali over again 1 

And againI 

And again 1 » • • 





2 . 


Make your own change in the program. 
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LIST 


5 

10 

20 

30 

40 

50 

60 

70 


T* 



Do you want to save your program? 

Look at the appendix on Saving Programs to see how. 


3. Make a program with, a flashing star. 

• (Hint: Make a star. Pause a little. Then make the star 
disappear. Do this again and again.) 





t 
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What other designs can you make? 

i 

LIST 









|^Prog ramming in PIL0T^I>ar^3 


Section 1: A new command and a new shape 


GRiGQ 

\ 


Load SHAPELY into the computer. 

RUN 


Do you see 





Type in a 3.. Press (RETURN) , 

What do you see on the graphics screen? 
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Type in these numbers. 


Fill in the chart 


NUMBER ' TURN 

OF SIDES NUMBER 



Type in 18. 


Press [BREAK 

NEW 
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GR:CLEAR 


144 


10 GR:PENREDjl8(DRAW IOjTURN 20) 
RUN 
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Make each circle a different color 
Put only 3 lines in your program. 


LIST 


Make owl'- eyes. 


LIST 
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MEW 
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GR:CLEAR 
GR:GO 5 
GRiGO 5 



What is happening? 


GRiGO 10 
GR:G0 5jGO 5 
GR:2G0 5 

GR:PENBLUE;GO -10 
GR:PENRED;2G0 -7 
10 6R:4(DRAH 10;TORN 90) 

RUN 

LIST 

20 GR:GO 20;4(DRAW 10;TURN 90) 

Change line 20 to 

20 GRiGO 20j4(G0 10;TURN 90) 
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Exercises 


1. Make a circle that looks like this. 


LIST 


RUN 


9 • 


* * 



2 . Make a square that looks like this. 


LIST RUN 

f # # l 


I • I 


3. Fill in the missing parts of the program. 


LIST RUN 

GR:GO __ 

GR: 4 { __ 60?_ _) 

GRs._ 

GR: 18 { _; __ _) 


EAGE 3 9 






148 


4. Create a program of your own using the GO command. 

LIST RUN 



} 
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Section 2: More 

commands 

149 

ED 

El 

ED 

jj; means type! 

IRj means remark! 

1 C : means compute| 


10 GR:PENRED 

\ r 



20 GR:18(G0 A;TURN 20) 

’ ' N 

RUN ^ 

. 


5 *AGAIN 
30 GR:TURN 5 
AO J:*AGAIN 

RUN 


BREAK) 


We will put a counter in the program. 
We will only make the circle 41 times. 








List the program. 


* 





V 
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Add these lines 
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it C: #A=0 
35 C:£A=#A+1 

Change line 40 

40 J(#A<41):"AGAIN 
RUN 


List the program. 


Let's read the program like the computer does. 


ft 4 C:#A=0 
5 *AGAIN 
10 GR:PENRED 
20 GR:18(GO 4;TURN 20) 
30 GR:TURN 5 
♦35 C:#A=#A+1 
♦40 J(#A<41):*AGAIN 



Lets A be 0 in the computer's memory# 
A label for what follows 
Turtle picks up a red pen 
Draws a dotted circle 
Turns a little 
Lets A be the old A plus 1 
Jumps to the label as long as A is ^ 
less than 41 



0 
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3 R:CIRCLE TO HEART 


151 



R:CIRCLE TO HEART is just a programmer's remark. It is like a 
nofete to remind the programmer of something that is important to 
remember. 


50 T: 


I LOVE YOU 


RUN 


Exercises 


1. Fill in the missing parts of this program to make an 
apartment building. 


LIST 


RUN 


:BUILDING . 


GR: GO 


C: #S= 


*STORY 


GR: 


C':#S* 
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2. Write a program to make a design. Add a counter to the 
program so it stops when the design is done. 

LIST RUN 


3. Fill in the missing parts of the program to make a car. 

LIST RUN 

_ R:_ 

GR: 2 ( 


GR: TURN_ 

GR: 18 (DRAW J_;TURN _) 

GR:GO __ 

GR: 18 (DRAW _;TURN _) 
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4. Write a program to type your name 100 times. 
> 

LIST RUN 


5. Write a program using remark statements (R:) and a lpop with 
a counter. 


LIST 


RUN 






Appendix B: Screen Displays/Multiple-choice Computer Tests 


Test 1 - Item 1 

/ 





10 GR:DRAW 30 
20 GR:TURN 90 
30 GRIDRAW 10 


WHICH IS A RUN OF 
THIS PROGRAM? 
12 3 4 


Test 1 - Item 2 



HERE IS A PROGRAM 
10 GR:4(DRAW 205 TURN 90) 



LET'S PLAY A GAME 
WITH THIS PROGRAM. 


THE COMPUTER WILL TYPE 
A SECRET COMMAND 
INTO THE COMPUTER. 


YOU MUST FIGURE OUT 
WHAT COMMAND WAS TYPED. 

READY? (Y/N) 



WHAT COMMAND WAS TYPED INTO THE 
COMPUTER? 

1. LIST 2. NEW 3. RUN 4. AUTO 


Test 1 — Item 4 





WHAT COMMAND WAS TYPED INTO THE 
COMPUTER? 

1. GR:QUIT 2. NEW 3. GR:CLEAR 4- AUTO 






WHAT COMMAND WAS TYPED INTO THE 
COMPUTER? 

1. LIST 2. NEW 3. RUN 4. AUTO 


Test 1 - Item 7 






Test 2 


Item 1 


HERE 


IS A PROGRAM. 


5 *LOOP 

10 GR!5(DRAW 25?TURN 144) 

20 pa:60 

30 GR:CLEAR 
40 j:*loop 

WHEN YOU KNOW WHAT THE PROGRAM 
WILL DO, RUN THE PROGRAM. 


(Needs to type in RUN) 



Test 2 - Item 2 



THERE IS A CHANGE IN THE PROGRAM. 
WATCH CAREFULLY! 




Test 2 


Item 4 


+ 

A LINE HAS BEEN TAKEN OUT OF 
THE PROGRAM. 

WATCH CAREFULLY! 



Test 2 - Item 5 


A DIFFERENT LINE HAS BEEN TAKEN OUT. 
WATCH CAREFULLY! 



WHICH LINE WAS TAKEN OUT? 

1. GR:5(DRAW 255 TURN 144> 2. PA:60 

3. GR:CLEAR 4. J:*LOOP 



WHICH LINE COULD CHANGE THE SHAPE 
IN THE PROGRAM? 1. *CHANGE 2. PA:120 
3. J:*LOOP 4. GR:4(DRAW 25; TURN 90) 


Test 3- - Item 1 


HERE IS THE TURTLE. 


(pause) 


• .*- 


_(turtle) 


- (blue dot) 


HOW. WAS THE BLUE DHL-MADE? 

1. GR:GO 20 2/^GR:G0 10 

3. GR:GD -10 A. GRI2G0 10 < 


Test 3 - Item 2 


WATCH CAREFULLY! 

YOU WILL SEE THE RUN OF A PROGRAM 
WHEN YOU ARE READY, PRESS RETURN. 






(Square above center. 



WHAT’S THE 2ND LINE IN THE PROGRAM? 

1. GRIPEN RED 2. GR:4<DRAW 10;TURN 90) 
3. GRIGD 20 


Test 3 - Item 3 

WATCH THIS PROGRAM! 



» 

i 



HELLO 


WHAT COMMAND PRINTED THE -HELLO? 

1. GR:HELLO 2. R:HELLO 3. *HELLO 
4. T:HELLO 


Test 3 — Item 4 


WATCH CAREFULLY! 





WHOOPEE 

WHOOPEE 

WHOOPEE 

WHDOPEE 

WHOOPEE 

WHOOPEE 

WHOOPEE 

WHOOPEE 

WHOOPEE 


WHOOPEE 

WHOOPEE 

WHOOPEE 

WHOOPEE 

WHOOPEE 

WHOOPEE 

WHOOPEE 

WHOOPEE 

WHOOPEE 


WHOOPEE 

WHOOPEE 

WHOOPEE 

WHOOPEE 

WHOOPEE 

WHOOPEE 

WHODPEE 

WHOOPEE 

WHOOPEE 


WHOOPEE 

WHOOPEE 

WHOOPEE 

WHOOPEE 

WHOOPEE 

WHOOPEE 

WHOOPEE 

WHODPEE 

WHOOPEE 


WHAT IS THE 3RD LINE IN THE PROGRAM? 
1. J<#P<100>:*LOOP 2. *LQOP 
3. T:WHOOPEE \ 4. C:#P=#P+1 


Test 3 - Item 5 


Look at the screen! 



— ^ 

(Circle made • 

to the left 

of center.> 


HOW WAS THIS CIRCLE MADE? 

1. IB(DRAW 10;TURN 20) 2. l6 (DRAW 5?TURN -20) 
3. 18(DRAW 5;TURN 20) 5. IB (DRAW 10;TURN -20) 
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Appendix C: Copy of Individual Student Achievement Graph 
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Appendix. D: Teacher Form 

Week of ... 

Teacher * s- name . 

Number of students . 


* Teacher Assistance 

When the student asks -for help, put a tally mark in the appropriate b 
J l to indicate the kind o-f help he/she needed. 


Reading/ 
Reading 
Underst ? ng 

Machine 
Operation 

Programming/ 

Computing 

needs 

Help with 
finding or 
correcting 

errors 

Mathematical 
or number/ 
related 

Other 

• 



«* 




Student Assistance 


Do students assist each other? . 

How often (this week)? (50 7. of the time, 75 V., etc.) 


Work Time 

Independent work time this week (each student) 


Significant Problems 
Teacher 


Student 


Other Comments 
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Appendix E: Student Response Sheet for Attitude Survey 








Learning materials C. Programming tests 
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Appendix F: Student Data Form 
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Appendix G: Final Teacher Evaluation Form 

1. As completely as possible, describe the computer program in 
your classroom these past eight weeks. 


y 


2. Describe your own feelings on having the computer in your 
classroom. 


3.' Rate the present effectiveness of the learning materials in 
the following.areas. (Mark 1 to 5f 1 being very effective.) 

12 3^5 

Clarity (to .student) I-1-1-3E— 

Clarity (to* teacher) I-5-5-1-1 

Ease of use I-1--—I-1-£ 

\ * 

Reading ease I-1-5-5-1 

Independence T-1-1-1-1 






Appendix H: Questionnaire for Parents 

on Computers in the Home 

Your name......... .... 

Your child's name... 

I-f you do not have a computer in your home, you need .only answer 
questions 1, 10, 11, and 12i 

1. Do you have a computer in your home?....... 

2. What kind o-f computer?... 

# * 

3. What -functions does it serve? (word processing, education,, 

recreation, other) .... 

4. Does your son/daughter use the computer?.. 

i 

5. Alone? with others?....... 

6. For what purpose <s> ?.;.... ...... 

0 > 

7. Does he/she help you (a parent) and/or any other member(s) of 

his/her family?..... ..... 

B. Can your child program the computer?... 

9. In what programming language?... 

10. Are you considering the purchase of a computer in the near 

future?. ...» .-....- * < . 

11. Does anyone in your immediate family work in any way with 

computers?...‘..... 

* i* 

12. If yes, who, and in what capacity?, ..■ 


Thank you for completing this questionnaire.' Its completion is of 
utmost importance in a research study I will be conducting ;this 
year. ■* - 

Nancy A. Shuller 

Primary Computer Specialist 

The Day School 


















